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THIS PACKAGE CONTAINS: 



• **SoIar EniMgy Intteuctional Module, 
Undentanding Solar Enezfy Syitemi," 
developed by Edtioitioiial Reieaxch . 
Center, New Mezko State Univenity, 
Lai Crucei, New Mexico. 



• MINMJST related to existing instructional 
veaourcea and mateiiali in lolar energy 
lyatemi, developed by The Resource and 
Refeml Seivloe, Research and Develop- 
ment Exchange. 

• Bibliogriphiea developed by National 
Solar Heating and Cooling Infoonation 
Center related to: 



1. employment impact of solar 
emurgy. 

2. marketing potential on the growth 
of solar energy. 

3. solar eneigy system design. 



A primary objective of the Special Packages 
Project is to assist vocational educatozs in 
developing skills to evaluate and adapt in- 
stnictional resodwes. 



The Sokr Energy Instnictional. Module 
**Undexstandhig SicAu Ep^ergy Systems", 
may be purchased ttcm The Wisconsin 
Vocational Studies Center, University of 
WisoonsUi, Madison, 321 Education 
Building, Box 49, Madison, Wlsconshi 
63706^ 
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WHAT ARE "SPECIAL PACKAQES"? WHO CAN USE THESE PACKAGES? 



• butiuctioittl Resources related 
' to growing «nd developing 

occupations. 

• Included are Instructional Program 
Co'Jiponents, Resources Lists, 
Occupational Inffumation, Program 
Development Guides, Curriculum 
Materialf, and Special Studies. 



Secondary and Post-secondary Teachers 
and. Vocational Education ^ 
Administrators 



WHAT IS THE ROLE OF THE 
NATIONAL CENTER REGARDING 
SPECIAL PACKAGES? 



WHICH GROWING AND DEVELOPING 
OCCUPATIONS AND SPECIAL AREAS 
ARE RECEIVING EMPHASIS IN 1978? 



• Biomedical Instrumentation Technology 

• £ntrepreneurship 

• Energy Conservation in Construction 
I'rades 

• Business and Office with Emphasis 
in Interpersonal Skills 

• Occupational Survival Skills 

• Skills for Developing and Evaluating 
Curriculum and for Adapting Instruc- 
tional Resources to Existing Curricu- 
lum 



The three objectives of the Special 
Packages Project are: 

• To identify and select resources to 
meet the needs of vocational educators 
in growing and developing occupations. 

• To disseminate selected resources. 

• To assist vocationel educators in devel- 
opmg skills in evaluating and adapting 
instructional resources. 
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National Center for Research in 
Vocational Education 
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FOREWORD 



Vocational Education nnust respond to growing and developing occupations. Tfjerefore, there is a- 
need for special packages containing practical and easily-adapted nfiodels, materials, and Information 
in the occupations so that secondary and post-secondary school administrators and teachers can 
respond to these occupational needs. The National Center for Research in VocatioriSi Education 
has identified, selected, and is disseminating instructional resources in five special packages during 
1978. in addition, the National Center is giving assistance to vocational educators in using these 
resources. 

Energy conservation legislation has created a need for up-dating Instructional materials for the 
building trades. These materials reflect changes in the traditional techniques related to Insulation, 
heating and cooling, as well as introducing alternative sources of energy. Recognition is due Laurie 
Keaton and Everett D. Edington, Nevy Mexico State University and the Resource and Referral Ser- 
vice, a part of the Research and Development Exchange, the National Center for Research In Voca- 
tional Education, for their contributions to this energy-related special package. 

The National Center is indebted to Robert S. Peterson, Texas Education Agency; Roger Haskell, • 
University of Tennessee; Mary Elizabeth Milliken, University of Georgia; James Burrow, University 
of Northern Iowa; and Mat Charles, Pinellas County School System, who served as consultants 
for the direction and validatiu of occupational selection criteria. David D. L'Angelle supervised 
the Special Packages development assisted by Jo-Ann Cherry and Janice T. Adkins. 



Robert E. Taylor 
Executive Director 
The National Center for Research 
in Vocational Education 
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Introduction 



Secondary and post secondary vocational education teachejs and administrators must respond to 
the emphases and needs of growing and developing occupations. Resource n»aterials which can be 
used in shaping and implementing programs to meet 3ome of these emphases and needs have been 
identified, selected, and packaged by the Special Packages Project staff of the National Center for 
Research In Vocational Education. Five copies of each Special Package are being distributed to 
each state and territory. 

For 1978 emphasis was given to the following growing and developing occupations and special 
areas: 

> 

Biamedicdl instrumentation Technology 
^ Entrepreneurship 

Occupational Survival Skills 

Energy Conservation in Constructiori Trades 

Business and Office with Emphasis in Interpersonal Skills 

Skills for Developing, Evaluating, and Adapting Instructional . Resources to Existing 
' Curriculum 

Selection criteria for resource njaterials included in the 1978 Special Packages were: 

Relevance to Occupational Area 
Target AuiJiGnces 

^ Instructional Pw^ram Design (Competency based, Modularised) 
' Validation^E valuation Dyta 

Reproducability • ^ - 

Cost of Implementatiori/Adaptation 

Sensitivity to the Special Needs of Groups 

Flexibility 
\ Innovativ^^ness • 

Marketabitity \ 

Sex and Ethnic Fairness 

Availability of the Materials 

The modular format is a corhrnon characteristic of all resources being disseminated This concept 
IS evident in packaging as well as content. Three ring binders allow for a flexible packaging 
arrangement and organization of instructional resources. Materials may be added, deleted, repack- 
aged, or modifie<l in accordance with the needs of the user. The content arrangement promotes an 
mdividuaii/ed approach in that students can proceed through the necessary modules that meet 
their own training needs. At the same time, on-site training using specific modules can be provided 
without disrupting the continuity of the instructional program. • For example, if training on a spe 
cific kind of equipment is necessary that is not available at the sohool; the teacher could provide 
that training in an actual work environment. Finally, curriculum updating and revision can be 
ciccompltshed with minimum disruption to iiie. instructional program. As the occupational area 
grows, the changes to the technology can be inserted into the curriculum. 
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SOLAR ENERGY INSTRUCTIONAL PROGRAM 

SECTION . I. "UNDERSTANDING SOLAR ENERGY SYSTEMS" 

Educational Research Center, New Mexico State University ' 
• A modular program directed to vocational educators In the construction trade 
with basic Information about solar energy systems. 

SECTION II. MINIUSTSCOMPILEDBYTHERESOURCEANDREFERRALSERVICE 
RESEARCH AND DEVELOPMENT EXCHANGE viuc. 
- Related to resources for school energy needs. 

SECTION III. OTHER RESOURCES 

A. Bibliography on Employment Impact of Solar Energy \ 
National Solar Heating and Cooling Information Center 

8. Bibliography on Market Potential and Projections of Growth of SolSr Energy 
National Solar Heating and Cooling Information Center 

^ C. Bibliography on Passive Solar Energy Designs and Systems 
National Solar Heating and Cooling Information Center 

D. Brochure-F ilms and Slides, Solar Energy for Heating and Cooling of Buildings 
National Solar Heating and Cooling Information Center 

E. Energy Conservation In Buildings 

National Solar Heating and Cooling Information Center 

F. Energy Education Materials 

National Solar Heating and Cooling Information Center 

G. list of Published Standards, Co^s and Performance Criteria Relating to Solar 
Heatmg and Cooling Applications 

National Solk Heating and Cooling Information Center 

^- Solar Energy Publications Available from The Government Printing Office 
National Solar Heating and Cooling Information Center 

I. Solar Retrofit Bibliography 

National Solar Heating and Cooling Information Center 



Solar Standards Organizations 

National Sol&r Heating and Cooling Information Center 

Sources of Information on Alternative Energies 
National Solar Heating and Cooling Information Center 
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L. College<i aud Universities - United States 

National Solar Heating and Cooling Information Center 

M. Vocational/Technical Schools/Courses Solar-Related 
National Solar Heating and Cooling Information CeiiteV' 
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Preface to 
Solar Energy Instructional Module 
"Understanding Solar Energy Systems" 

In 1977 a research project was undertaken to determine manpower needs 
In emerging energy fields In Arizona and New Mexico. It was found that one 
of the fields with the greatest growth potential was In solar energy. While 
there Is not a need for "new occupations" In the solar energy Industry , 
there Is a real need for those persons In existing skill areas to be trained 
to have a basic understanding o"" solar energy systems. This need cuts across 
all types of occupations from sales to assembly tp Installation. 

This ins tructlcaial package Is to help meet this need. It Is designed 
for programs of post^:" high school technical education and adult education 
programs. It could be used In both pre-servlce and In-servlqe Installation 
of solar energy systems but to provide a basic unjlers tending of such systems » 

. > ^ Laurie Keaton 

Everett D. Edihgton 
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UNIT I . 
USING SOLAR ENERGY 

UNIT OBJECTIVE 

After completion of tills unit, the student should be able to explain 
why solar energy should be developed as an energy source and describe some 
characterlaPtlcs of solar radiation. - This knowledge will be evidenced by 
scoring 85 percent on the unit, test., 

SPECIFIC^ OBJECTIVES 

Upon completion of this unit the student will learn to 

1. ' Associate correct definitions with the common terms relating 

to solar energy. 

2. Distinguish between renewable and nonrenewable energy sources. 

3. Name some uses of solar energy. 

4. Identify correct statements about solar radiation. 

5. Identify accurate statements about problems associated with using 
solar energy. 
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. Terms and Definitions 

'■ ■ ■ ■ I ' ' ' ■ 



Btu British thermal unit, a measure of heat 

Blomass conversion - energy from the sun Is stored through the process 
of photosynthesis in plants, l»e.» in organic material. Chemical 
processes can be used to change the organic material to simpler 
forms with an accompanying release of energy. 

Diffuse radiation * the solar radiation striking the surface of the ^ . 
earth after its direction has been ^changed by reflection ^nd 
scattered by particles in the atmosphere— nondirectional rays. 

Direct radiation - direct or parallel rays from the sun. 

Energy - the ability to do work. • . 

♦ m 

Insolation the amount of solar radiation actually striking the 
surface of the earth. 

Konrencvable energy source • a substance found in nature which cannot be 
replenished and which can be used to obtain energy in some form. Coal, 
gas 9 uranium are examples of nonrenewable energy "sources. 

Photovoltaic - direct conversion of. the sun's energy to electricity. 

• * *. * 

Radiation - any object which is warmer than its surroundings transmits 
heat waves (similar to light waves, but invisible) and, thus, 
emits energy. Heat transfer octurs^by photons. 

Renewable energy source - a substance which occurs in nature and the 
supply of which cannot be depleted by use. ' 

Solar constant - the amount of solar energy striking the outer atmosphere 
of the ^arth varies only slightly and can be treated as a constant. 

Thermal pollution - the discharge of heated waste into the natural envir- 
onment at a temperature detrimental to existing ecosystems. 

Watts - a measure of power in the metric system (e.g., a 25-watt lightbulb) 
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- luformatlon Sheet 

0 ' . ' ■ 

Importance of Solar Energy 

The oil embargo of 1973 brought to the attention of the American 
people how dependent the United States has become on Imported oil.. 
Since that time, efforts have been made to assess the nation's energy 
needs and supplies. With this focus on the question of the availability of 
energy resources In this country has come an increa&ed interest In solar 
energy. ' 

Those energy sources now. used — coal, gas* and uranium— ^are available 
only in. fixed quantities. Whrn that quantity is used up, . there will be no 
mora^ For this .Reason, these are called nonrenewable energy sources . • 
Thesse energy sources present problems not only because they are nonrenewable 
energy sources, but also because they create problems. The burning of 
fossil fuels pollutes the atmosphere. The waste from nuclear-fired power 
plants presents hazards. All contribute tq the thermal pollution of our 
environment. Thermal pollution can result from high temperature exhaust 
gases (e.g., air pollution from smokestacks) or from^hJLgh temperature 

water effluent (e.g., water pollution from nuclear coolants). 

in 

On the other hand, solar energy is a renewable resource . In using 
the sun's energy, man will not exhaust the supply. Not only is solar 
energy plentiful, but also its use does not create pollution problem^. 
The sun is the original source of almost all of ^ the earth's energy. 

Applications of Solar Energy . 

Man has made use of enjBrgy obtained from the sun for thousands of 
years, especially to heat water and to dry food materials.' Wind energy 
and geo.thermal energy are forms (Cf solar energy. Both are used today 
for a number of purposes (e.g., pumping and heating water). Other appli- 
cations of energy obtained directly from the sun include the generation of 
electricity through solar-^thermal applications or photovoltaic cells. Also, 
synthetic fuels can be obtained from solar energy in bio^-mass conversions to 
methanol or indirect combustion of cellulose. 

Tlie application of solar energy considered here will be for heating 
and cooling buildings, heating of domestic hot water, and heating of water 
I'^r swimming pools. 

3 



-Solar Radiation * . ^ • ' . * \ ^ 

Energy la transmitted from the sun to the earth by radiation . Solar 
radiation Is transmitted from the stui In wavelengths* of which visible 
light represents oi^ly a small portion. Ilie Intensity of the radiation 
reaching. the upper surface of the earth varies slightly because the sun's 
output varies. Also, the distance between the sun and earth varies 
because of the elliptical nature of the earth's orbit about the sun. 

These variations are considered to be so minor that the amount of 
solar radiation reaching the outer atmosphcsre is treated as a constant. 
The solar constant equals. very nearly 429.2 Btu 's per square foot per hour, 
or 1;353 watts per square meter. It is the Intensity of solar radiation 
striking a plane that is perpendicular to the sun*s rays at a distance 
equalling the average distance of the Sjirface of. the earth's outer atmo- 
sphere from the sun (se^ Transparency 1.1) • 

Although the amount of solar rad-<.ation striking the earth's outer atmo- 
.sphere is relatively coftstant, not all of that energy actually arrives at 
the surface of the earth. Almost one-^half of the energy either is reflected 
by particles in the atmosphere back into space or is absorbed by material 
in the, earth's atmosphere (see, Transparency 1.2) . , 

Insolation is the^ amount of solar radiation which actually strikes the 
earth. Insolation, the solar radiation actually rtiachlng the earth, is of 
three types: direct radiatlop. or parallel rays, diffuse radiation or non- 
directional rays, and rays xaflec ted from the ground or from building surfaces 
(see Transparency 1.3). 

The amount of insolation available at any given point on the earth's sur- 
face is affected by: 1) the purity, of . the earth's atmosphere, 2) by the 
distance the radiation must travel through the atmosphere, and 3) by the 
angle at which solar radiation strikes the earth's surface. As the radia- 
tion travels through the earth's atmosphere, energy is absorbed by particles 
in the atmosphere. How much is absorbed depends on the amount of water vapor, 
dust particles, or other matter present in the atmosphere. 

Not only do the water vapor and dust particles absorb energy but also, 
these particles will reflect or deflect some of the sun's rays, 

■ ^ ; 
<30 



Thus soioe of the solar radiation is lost when the solar rays are 
reflected "^back into space* Other ray^s become diffuse, or nondirec- 
tional. How many rays become diffuse or are reflected depends upon 
the purity of the atmosphere (Transparency 1.3). 

The distance ttte solar radiation must travel through the earth's 
atmosphere affects the amount of insolation available. The distance 
traveled affects how much radiation will be lost through absorption 
and reflection* It also affects how much diffusion of the solar rays 
will occur. 

How far the rays must travel through the atmosphere is determined 
by the season of year and time of day. If the sion is low in t;he sky ' 
(close to the horizon), the radiation must travel^ a greater distance 
through the atmosphere before striking the surfack of the earth 
(Transparency 1.4). * ^ 

AlsOy radiation is most effective if the rays strike a surface 
perpendicular to the direction the rays are traveling. The energy 
available decreases the jnore that the sun's rays vary from the perpendi-* 
cular (as measured by the cosine of the angle) • Therefore, direct or. 
parallel rays are of greater energy value than are diffuse or nondirec- 
tional rays. Transparencies 1.5 and 1.6 give a visual representation of 
the. importance of the tilt of the receiving surface. 

Tlie length of time radiation strikes a surface must also be considered 
when discussing the amount of insolation available at any given point on tl 
surface of the earth. This fact again indicates that the angle at which 
radiation is striking the earth and the season of year are of great impor- 
tance. These factors affect how much insolation Ls available for use as 
an energy, source and will be discussed in Unit 2. 

Problems In UsinjL Solar Energy 

Solar radiation is sufficiently diffuse that large surfaces are needed 
to collect the available energy/ For example, in Albuquerque, New Mexico, 
one square meter (approximately 3' x 3') will supply only two percent of 
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the heating needs for an average house. On the other hand, the total 
solar energy striking the roof and south wall of the house Is five to 
ten times more energy than is used in an average house for all purposes! 

Solar energy is intermittent. Enejrgy arrives only during the day-* 
light hours and during periods of cloudy weather or winter storms » more 
energy mdy be lost than gained. For this reason, storage or auxiliary 
heating systems are essential. ^ 

At present, solar energy systems are best suited for low tempera- 
ture operation. Some work is being done Co develop solar furnaces which 
concentrate solar radijitlon to obtain extreme high temperatures.. For use 
in dwellings., however, a low temperature technology is most suitable at 
presenjt . ' 
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ASSIGNMENT SHEET ' ' 

*" • ? ■ ' 

Why should we develop the sun*s energy as an energy resource? 

Explain why we can talk about the "solar constant," 

Tell why only about one-half of the solar raoiation which strikes the 
earth's atmosphere actually arrives at the surface of the earth. 

Explain why the distance the jfadiation must travel through the earth's 
atmosphere affects the amount of solar energy available at a particular 
spot on the earth. . 

Name two problems involved in utilizing solar energy. 



UNIT TEST— USING SOUK ENERGY 



1. Match deflnltl(m8 to terms 
^a. Energy 

b . Nonrenewable energy source 

c . Photovoltaic 

d . Radiation 

^. Direct radiation 

f . Diffuse radiation 



_g. Insolation 
h. Solar Constant 

Renewable energy source 
J . Blomass conversion 




1. Direct conversion of sol^r 
radiation to electricity. 

2. Solar energy striking the outer 
atmosphere of the earth varies 
only slightly* 

3. Solar energy stored In organic 
material'^ Is released through 
chem^c^l processes • 

4. Ability ^tQ do work. 

5. Transmls^l^ipi of heat waves from 
a warmer to^a cooler surface. 

6. TKe solar ^n^rgy reaching the 
surface of the earth. 

7. Use of the resource to obtain 
energy will ^ad to depletion of 
the resource.!^ \ \ 

8. Sun's rays are reflected and; 
scattered by^ particles in the 
atmosphere. 

9. Naturally occurring source of 
energ^ which cannot be depleted. 

10. Pajrallel rays from the sun. 
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Indicate vit\i an N those, energy sources listed below which are nonren^able. 
Mark with an R any renewable energy sources included in the list. 

a . Coal 

b . Uranium 
.c. Wind 

* ■ . . 

d. Gas . ' 



e. Sun 



Name ttstee applications of solar energy. 

1. . 

2. , ' 

3. ;_ 

'Mark with a "T" the following statements about solar radiation which are 
true. Mark false statements with an "F". 

1. All solar radiation which strikes the surface of the earth is direct 

radiation. 

2, The intensity of the radiation reaching the upper surface of the 



^ ;. " earth's atmosphere does not vary 

3- Tlie intensity of the radiation reaching the upper surface of the earth' 

\ atmosphere varies slightly because the sun's output varies, and because 

\ of the elliptical nature of the earth's orbit around th6^>^sun. 

■ -'^ The solar constant is con^juted as an average. 

5. Very little of the solar radiation striking the surface of the earth's 
atmosphere Is lost by reflection or absorption. 

6. As solar radiation travels through the earth's atmosphere the rays 

I 

become more direct. ^% 

7. Radiation is most effective if the rays strike a parallel surface. 

8* The greater the distance the solar radiation must travel through the 

atmosphere ^ the greater will be the loss of energy through absorption 
and reflection. 



Mark the following statemerts with a '*T'* if the 6tat«iiBetit is true, or 
with an |*F" if the statement is false. 

1» The amount of solar energy available can be calculated* 



2, Large surfaces are needed to collect the available solar energy. 
^3. The amount of solar energy striking the roof and south wall of an 

average house is less than the amount of energy normally used by 

the average household. 

Storage or auxiliary heating systems are needed because solar 
. energy is not always available for collection. 
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ANSWERS, TO ASSIGNMENT SHEETS AND UNXT I jTEST 

t 

Answers to Assignment 1 ^ 

The sun's energy is a yenewable resource. Man will not ^exhaust the supply. ■ 

Answers to Assignment 2 . , 

The solar energy, which is transmitttid to the earth, strikes the surface 
of the earth's atmosphere at a relatively constant rate. There is a 
. slight variation only 'as the sun's output of energy varies. There is also 
* some variation in the aAount of energy received becauae the distance between 
the sun and earth varies owing to the elliptical nature of the earth's orbit. 
However, these variations are considered so ctlnor that the amount of radia-^ 
tion striking the earth's outer atmosphere can be thought of as a constant 
and is called the "sol.ir constant". 

Angwers to Assignment 3 

The amount of solar radiation actually striking the surface ot the earth is 
far less than the amount striking the surface of the earth's outer atmosphere 
because large amounts of the solar radiation are absorbed by particles in the 
atmosphere. Also, large amounts of radiation are reflected back into space 
, by clouds or materials in the ati^osphere . 

r 

Answers to Assignment 4 

^ solar radiation travels through the earth's atmosphere, more radiation 
is absorbed and more rays. become diffuse. 

Answers to Assignment 5 

Problems associated with the use of sfllar energy ara (1) that solar energy 
is a diffuse source of energy, thus requiring large surface areas tc collect 
the energy and (2) that solar energy is intermittent, thus requiring storage 
and even auxiliary heating systems. 
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Answers To Unit Test 1 



a. A 



b. 7 



c. 1 



d. 5 




e. 10 



f. 8 



8. 6 
h. 2 



J. 3 



• Answers To Unit Test 2 

a. N 

b. N 

c. R ' 
a. N 

e. R 

Answers to Unit Test 3 (name three) 
1 . . To dry f ooid 

2. To heat water 

3. To heat buildings 

4. Generation of electricity 

3. To obtain synthetic fuels through biomass conversions 
6. To cool buildings 

Answers To Unit Test A Answers to Unit. 

1. F 1. T 

2. F 2. T 



1. T 



3. F 



A. T 



5. F 



6. F 




7. T 



8. T 
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Transparency 1.1 
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1. SOLAR CONSTANT 

THERE IS A NEARLY CONSTANT AMOUNT OF' 
SOLAR ENERGY STRIKING THE OUTER 
ATMOSPHERE — 429 BTUf ER S F PER HOUR 
— AND THIS QUANTITY IS KNOWN AS THE 
SOLAR CONSTANT ^ 
NOTE 

You cannot increase the amount of solar energy 
sinking a collector of a given size by focusing You 
may increase the collector's efficiency, or tho 
temperature of the working fluid 



Krom AIA Research Corporation, Solar ' I> >?e3 ling Design Ccncepts , Washington, D.C., 
Government Printing Office, May 1976. 
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4, ABSORPTION AND REFLECTION 

NEARLY HALF THE SOLAR RADIATION ENTERING 
THE EARTH S ATMOSPHERE IS LOST THROUGH 
ABSORPTION BY MATERIAL IN THE ATMOSPHERE, 

OR BY REFLECTION FROM CLOUDS 

\ 

\ 



Vrom AIA Roso.irrli Ci)rporntion, Solar Dwelling J^.^.si,Sn Concepts, Washington, D.C., 
Covi'rnmont Printing Offlco, May 1976. 
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Transparency 1.3 
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6. DIFFUSE RADIATION 

CLOUDS AND PARTICLES IN THE ATMOSPHERE 
NOT ONLY REFLECT AND ABSORB SOLAR'ENER'GY. 
BUT SCATTER IT IN ALL DIRECTIONS BECAUSE OF 
THIS, SOLAR ENERGY IS RECEIVED FROM ALL 
PARTS OF THE SKY — MORE SO ON HAZY DAYS 
THAN ON CLEAR DAYS SUCH RADIATION IS 
CALLED DIFFUSE. AS OPPOSED TO THE NORMAL 
D//?£C7' RADIATION . 



From AIA Rcscarcli Corporation, Solar D w e lling D e sign Concepts , Washington, D.C., 
(K>vt>rnment Printing', Office, Ilay 1976. 
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5. LENGTH OF TRAVEL THROUGH THE 
ATMOSPHERE 

MORE SOLAR RADIATION IS LOST BY ABSORPTION 
AT LOW SUN ANGLES BECAUSE THE LENGTH OF 
TRAVEL THROUGH THE ATMOSPHERE IS GREATLY 

' INCREASED <THAT IS WHY YOU CAN LOOK 
DIRECTLY AT THE SUN AT SUNSET ) HIGH 
\ ALTITUDES HAVE MORE SOLAR RADIATION FOR 

^THE SAME REASON 



Krom AlA Research Corporation, So lar I W L ] in & Do s i.gn Conce pta . Washington, D.C, 
(kjvemment Printing Of f ice , "May 1976. 
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2. COSINE LAW — HORIZONTAL SURFACE 

LESS SOLAR RADIATION STRIKES A GIVEN 
HORIZONTAL AREA AS THE SUN GETS LOWER -IN 
THE SKY THE AMOUNT CHANGES BY THE COSINE 
OF THE ANGLE, MEASURED FROM DIRECTLY 
OVERHEAD 



From AlA Research Corporation, Solar Dwelling Design Concep ts, Washington, 1),C., 
Covemment Printing, Office, May 1976. , 

31 



TranHparency 1.6 




3. COSINE LAW — TILTED SURFACE 

THE SAME LAW APPLIES TO A TILTED. SURFACE. 
SUCH AS A SOLAR COLLECTOR BY TILTING THE 
COLLECTOR SO THAT IT IS MORE NEARLY 
PERPENDICULAR TO THE SUN, MORE ENERGY 
STRIKES ITS SURFACE 



rrom ALA Research Corporation, Solar_^ jjj^c 1 i Injj^ J)esjj^n_^ Washington, D.C. 

Government Printing Office, May 197!S.'* 
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UNIT II . 

LOCATING THE SUN , 

UNIT OBJECTIVE 

After conpletlpn of this unit, the student will be able to explain the 
Importance of the position of the sun in relation to the earth for making 
use of the 8un*s energy. This knowledge will be evidenced through^ demons tr a- 
tlon and by scoring 85 percent on the unit test. 

SPECIFIC .OBJECTIVES 

• to 

Upon completion of this unit, the student will learn to 

1. Associate correct definitions with the new terms in the unit. 

2. Identify correct statements about solar radiation and the importance 
of the earth's location with respect to ^he sun. 

3. Complete sentences referring to the sun's location in the sky. 

4. Identify true statements explaining, why it is important, to know the 
location of the sun. ^ 

Editor's note: An introductory astrononQr textbook can be a valuable source 

for further explanations and additional examples of the material 

» 

in this unit. 
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Terma and Deftnlttons 

Declination angle - the angle between the plane of the earth's rotation 
. around the sun and the eatth'.f. equatorial plane In a direction 
facing the sun. 

. \ 

Earth-aun line - an Imaginary line between the center of the sun and the 

center of the earth. 

■ • \ - . *. •• 

Equatorial plane - an imaginary pl*:nc through the earth'ti equator and 

perpendicular to the north-souwh axis. 

Irradiation - exposure to radiant energ;*. ^ 

Latitude - the angular distance north or south from the earth's equator . 
measured through 90O. 

Solar altitude - the angle of elevation of the sun above the horizon. 

Solar azimuth - the angle on a horizontal surface which measures the 

difference between the direction of a fixed point (e.g. true south) 
and the direction of the sun. 

Solar noon - that time of day when the azimuth angle is 0°, when the sun 
is due south of an observer. 
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> Information Sheet: Locating the Sun 

• / 

2. The Earth* 8 Tilt / 

As the earth follows Its 'elliptical path around the s^ht/l^ also 
rotates around Its own axis. This axis can be defined as a IJ.'o.j drawn 




through the north and south poles. The earth rotates once ^toUnd Its 
own axis every 24 hours (one day) and once around the sun ^Very 365.25 
days (one year) . ^ 

The axis of the earth's rotation is tilted at an angle of 23.^^. 
This angle is calculated relative to the plane of the earth's orbi;: 
around the sun. The direction of tilt of the axis is constant, even asT^ 
the earth rotates about its own axis and as it travels around the sun 
(Hae Transparency 2.1). The constant angle of tilt means that the point 
on the earth's surface receiving the greatest amount of solar radiation 
varies. The greatest amount of radiation is received at the point on the 
surface most perpendicular to the sun's rays (see Transparencies 1.5 and 
1.6 in Unit I). Relative to the equator, the point moves north and south 
between the Tropic of Cancer (latitude 23.3° north) and the Tropic of 
Capricorn (latitude 23.5° south). VHiat the sun "sees" is diagrammed in 
Transparency 2.2. 

As the earth orbits about the sun, the tilt of the earth's axis 
causes the angle between the direct earth-sun line and the equatorial • 
£lane to change. This angle, called the angle of declination (Trans- 
parency 2.3), changes according to the date ^f the year. The change in 
declination determines how much sunlight will t^crlke a surface. Thus, 
thta change In declination explains variations in the intensity of solar 
radiation at different places on the eavlh's surface. It explains varia- 
tions of the temperature at different times of year. 

^' Tlic Sun's Positio n In lite Sky 

T^»6 solar azimuth (see transparency 2.4) is an angle on a horizontal 
surface obtained by measurlnj?; the difference betv;ean true south and the 
ijun's dlrtirtlon at that moment . The azimuth is defined to be 0° at 
■SO lar i\oon . The sjolgr, ^l^titjiidt? is the sun'p angle of elevation above the 
horizon. By knowlnp the solar azimuth and the sol a r altitude , one can state 
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' the posi,cloi> 9£ the sun for any latitude at various times of the day. 
With this information, insolation values (see Unit I) for a given latitude 
can be obtained. Tables giving the altitude and azimuth angles at differ- 
ent latitudes and for different hours of the day are available in the 
AS HRAE Handbook of Fundamentals (1972). 

The Importance of Locating the Sun 

Knowledge of the solar azimuth angle and the solar altitude angle, 
, knowing where the sun will be at a specific time on a particular 
ddy, can help in planning a solar dwelling. By knowing the location of the 
sun at critical times, one can determine at what times house surs^faces will 
be shaded during each season and the intensity of solar radiation available. 

For example, during the summer months, the sun may spend a substan- 
tial portion of the day to the north of an observer in the northern hemi- 
sphere (see Transparency 2,5). Because the sun moves farther north in 
the summer, south-facing windows can be shaded by an overhang during the 
heat of the s.ummer day. In this way, solar radiation is prevented from 
adding to. the heat of the interior during the summer months. Yet during 
the winter months, because the sun has moved farther south, a properly 
designed overhang will not shade the south-facing windows. This means 
the direct rays of the sun can be used as a source of energy for warming 
a dwelling in winter, and yet not add to summer cooling problems. 

Tlie position of the sun is important in determining how to place 
collectors t^ absorb a maximum amount of solar eriergy. A surface placed 
perpendicular to the direct rays of the sun will absorb the g^reatest amount 
of energy from the sun. Thus, depending upon the Intended use of the energy 
collected, one may wish to tilt a solar collector so that it receives direct 
rays from the sun at one time of year and not at another. 

I" Sunspots (1975), Steve Baer suggests a simple method for illus- 
trating how much surface will be exposed to the sunlight at a specific time. 
Simply place a rod so that It extends perpendicularly from the flat surface 
of a board. Keeping the rod perpendicular, tilt the board toward the sun 
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until there is no shadow* This will 
for that season and time oC day. In 
orientation of ^a surface will affect 
Orientation depends on the amount of 
surface. 



be the maximum amount of sunlight 
this way one can visualize what 
the amount of exposure to the sun. 
irradiation desired on a specific 
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ACTIVITIES— LOCATlONv OF SUN 



Actlvi|:y 1 



A. Materials Needed 
•1. Protractor 

2. Paper 

3. Pencil 

A. Model of house, showing overhang, drawn to scale, 

5. Window cutouts, to scale: 3', 4', 5'-, 6' high, 

6. Table showing solar position for your Latitude on June 21 and on 
December 21. 




B. Proctidure \^ ^ 
1. Set protract^pr so that side of house 1 at c6nter (90°) of protractor 

and so t^at bottom of protractor is at ground level. 
^.^ Reading from table, mark altitude angle at 8:00 a.m. on June 21. 
3. Using broken^ line for angle at 8:00 a.m.* draw parallel lines to side 

of house, maintaining the same altitude angle. Observe where the over- 

hang stops the line, see example in Transparency 2.6. 
A.t. Repeat- "2'^ and "3" for altitude angles at 10:00 a.m. and solar noon • 

on June 21. Use a d^ted line for 10:00 a.m. and a solid line for 

polar noon. « 

5, Using a vsecond model, follow the same steps for December 21 • 
6» Place window cutouts on Side of house to detertPlne placement for optimum 
shading* ■ ' 

C. Wh.at Has Been Learned?. 

1. What is the effect of the overhang in shading a south-facing window? 
2'. What could b.e done in summer to avoid, overheating? 

3. ^at can be achieved by a smaller window, placed higher in the wall? 
Would this interfere with collection of solar radiation in winter? 

4. Where will the sun be at 2:00 p.m. on each day? 

5. Tills activity takes only solar altitude into consideration. How does 
the azimuth angle effect where the sun will be? 

6. How cou.l'i.the optimum angle for a flat-plate collector situated on the 
roof of your building be determined? Sf^e Transparency 2.7. 
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Activity 2 

A. Materials Needed 

A" 

••• 

1. Protractor 

2. Paper 

3. Pencil 

A. Table showing solar position for your latitude on June 21 and on 
Decerbc^.r 21. 

B. Procedure 

1. Establish north-^^'outh and east-vest lines on a piece of paper* 

2. With th& protractor, mark off t^he azimuth angles, using duo south 
as 0^ and countings the degrees east or west from that point, for 
varii^^ns times of day. Use a table for the latitude at which you 
live (see Transparency 2«8). 

3. Mark off the. azimuth angles for June 21, March 21, and December 21. 

C« Vfhat Has Been Learned? 

1. How dues the angle at which direct solar radiation strikes a surface 
affect the aiiount of radiation available? 
' 2. How does the above question bear upon the solar azimuth? 

3. If the altitude and azimuth points for a given date could be plotted 
on a thr^e-dimeAslonal graph, the resulting line would represent the 
sun's path across the sky on that date. Transparency 2.9 re^. .^sents 
the sun*s path on December 21, March and September 21, and June 21. 
How do these drawings relate to the angles you have plotted for 
altitude and azimuth? 
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ASSIGNMENT SHEET: LOC/yTING THE SUN 



a. List two way a in which the constant tilt of the earth's axis affects 
human beings. ■ 



b. Explain the importance of the Tropic of Cancer and the Tropic of 
Capricorn. 



What information is needed to state the position of the sun iri the sky at 
a specific time of any, day of the year. 
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UNIT TEST: LOCATING THE SUN 



Match definitions to terms, 
a . Declination' Angle 
^ ^ b , Azimuth 
c. Solar Noon 



^d. Latitude 

e. Solar Altitude 

^f. Irradiation 

_^g. Insolation 



1« Angle Indicating distance north 
or south from the earth's equator < 

2. Exposure to radiant energy, 

3, Angle between the plane of the 
earth's rotation around the sun 
and the earth's equatorial plane 
in a direction facing ,the sun. 

4^ The amount of solai: radiation 
actually striking the surface 
of the" earth, 

5, Angle of sun's elevation above 
the liorizon, 

6, An angle obtained by measuring 
from due south and rotating until 

^ facing the sun, 

7, The time of day when the sun is 
due south of an observer. 



Mark with a "T" the following statements about solar radiation which are true, 
and mark with an "F" those statements which are false, 

_a. llie earth rotates once around its own axis every 365,25 days. 

The axis of the earth's rotation is tilted 23,5^. 



b. 
c. 



d. 



e. 



The greatest amount of solar radiation is received at the point 
on the surface of the earth which is most perpendicular to the 
direct rays of the sun. 

The tilt of the earth's axis causes the constant change in the angle 
of declination* 

The spot on the earth most perpendicular to the direct rays of the 
sun moves from latitude 23.5^N to latitude IS.s'^S. 

Variations in hours o£ daylight and in seasonal temperature differences 
are explained by the constant change in the angle of ^declination. 
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Comp).ete the blanks 1a the following sentences using the words listed 
below; 

1. ^olar Azimuth 

2. Insolation ^ 

3. Solar Altitude 

A. Solar Noon * . . 

^a. The solar azimuth Is defined to be 0° at , 

b. If one knows the (1) a nd (11) 

for a given latitude, (IIU) ^values can be obtained. 

^c. Tables are avalljab,le which give and , 

angles at different latitudes and for different: hours of the day. 

Place an "x" in front of the statements below which are true, 

a . It Is Impossible to know when house surfaces will be shaded. 

h » South-facing windows can be of value in a solar-heated house 
and still hot cause cooling problems in the summer. 

^c. In the northern hemisphere, during the summer, the sun can ' 

^ actually be north of an observer at ji'ertain times of the day. 

\^ d. Roof overhangs are of no value In solar design, 

^e. Flat;, surfaces which are perpendicular to the direct rays of the 

sun will collect solar energy efficiently. •» 
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ANSWERS TO ASSIGNMENT SHEEJ^AND UNIT TEST: LOCATING THE SUN 
Answer to Assignment I 

a. The constant tilt of the earth* j axis caiises season changes and the 
length of the day. 

b. The Tropic of Cancer is at latitude 23.5° North, and the T'-opic of Capricorn 
Is at 23.5° South. During the year, the length of. time^ required for the .earth 
to move around the sun, the latitudinal spot on the earth nearest the sun 
moves between these two latitudes. The latitudinal angle is equal to the con> 
stant degree of tilt of the earth's axis. , ' 

Answer to Assignment 2 

a. Solar azimuth, solar altitude, and latitude. 
Answers to Unit Test 1 



a. 3 

b. 6 

c. 7 

d. 1 
c. 5 

f. 2 

g. 4 

Answers to Unit Test 2 

a. F 

b. T 

c. T 

d. T 

e. F 

f. T 

Answers to Unit Test 3 

a. 4 

b. 1. 1 
Li. 3 
ill. 2 

c. 1,3 

Answers to Unit Teat A 4 (i 

b,c,e 3Q 



Interchangeable 
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Transparency 2.6 
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UNIT III 

/ ' 

sola;; Ienergv systems 

unit objective 

• ^ 

After completion of this unit, the studen' nill be able to explain the 
principles governing the operation and name the component, parts of solar 
energy systems. This knowledge will be evidenced by scoring 85 percent on 
the unit test. 

SPECIFIC OBJECTIVES 

A£,ter completion of this unit, the student will learn to. 

X. ^sociate correct definitions with the new terms in the unit. 

2. Identify true statemtints referring to solar energy systems. 



^ 




!• Terms and Defltxitlons 

^ ■ ' 

Active Solar Energy System - thermal energy is transported from the 

collectors to storage and then to the distributioti system in 
a regulnted way^ using mechanical pumps and thermal controls. 

Collector - a device for receiving solar radiation and converting It to 
heat in a fluid. 

Conduction • heat flows through different materials at varying rates. 

Copper is an excellent conductor of heat; insulating materials are 
poor conductors. Heat transfer by conduction occurs only when two 
surfaces are in direct physical contact because heat transfer is 
caused by molecular scale vibration. 

Convection - when two surfaces, one hot» the other cold, are separated by a 
thin layer of air, moving air current^ are established that carry 
heat from the hot to the cold surface. In convection, heat transfer 
is by large-scale fluid motion. 

Distribution - the component in a solar energy system whereby the thermal 
energy in storage is made available at the point of use. 

Passive Solar Energy System - heat is transported by natural means ^ and the 
components are typically integrated into the basic design of the 
dwelling, so that few, if any, mechanical devices are needed in the , 
system. 

Radiation - any object which is warmer than its surroundings transmits heat 

waves (similar to light waves, but invisible) and^ thus, emits energy. 
Heat transfer occurs by photons. 

Storage - the component In a solar energy system which retains the solar energy 
which has been collected for later u^e^^either at night or on cloudy 
days . 



System - a regularly interacting (or interdependent) group of cumponents forming 
a unified whole. 



Information Sheet: Solar Energy Systems 



Systems * * 

A system is a regularly interacting (op interdependent) group of 
components forming a unified whole. We observe systems in nature, e.g., 
the human body (a biological system), or the pond (an ecological system).; 
In addition, we design systems out of physical parts. An automobile is 
a physical system made ^of parts which must work together if the system 
is to fulfill its design purpose (e.g.-^, if it is to provide transportation- 
from one place to another). To understand a system, it is necessary tp 
understand the parts and how they function. However, it is important to 
understand not only how the parts function individually, but also, how 
they fmiction as a unified whole to accomplish the desired end. Very often, 
individual components may function very well separately and yet not function 
well at all wherr joined with the other components in the system. The parts 
of a system are interdependent. How one component functions will affect how 
other components function. 

A solar energy system is a system designed to use solar radiation as 
an energy source. The system can be used to heat or cool dwellings, to heat 
domestic hot water, to heat a pool, and so on. The parts or components of a 
solar energy system are the collector (Unit IV) , storage (Unit V) , and distri- 
bution (Unit VI). Transparency 3.1 represents schematically a typical solar, 
energy system. Solar radiation is absorbed by the collector, placed in 
storage, with or without the assistance of a transport medium*(e.g. , water 
or forced air) and distributed to the point of use. 

Solar energy systems are usually classified as being either active or 
passive. In an active solar energy system , thermal (heat) energy is trans- 
ported from the collectors to storage and then to the distribution system 
In a regulated way using thermal controls. It is necessary to use jnechanical 
devices to pump the gas or liquid transport medium from the collectors to 
stor^e and/or to the interior of the dwelling. 

In a 2A8si ve solar energy system , heat is transported by natural 
moans, by i^adlajtion, convection, or conduction . The components are typically 
Integrated into the basic design of the dwelling—the windows, walls, floor 
or c»' 1 1 ln<f',. 




ASSIGNMEKI SHEET 



Name three "systems", and explain why you think they are systems. 
Include a statement of the design purpose, list the components, / 
and descrlbis very briefly what might happen If one of the components 
i.led or was changed In some way . 
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UNIT TEST J ^ SYSTEMS 

Match terms with definitions 

a . System • 

b . Collector 

, _c . storage 

^d. Distribution 

^. Active Solar 

Energy System 

Passive Solar 

Energy System 

_,-_«8* Radiation 

h . Convect ion 

____i. Conduction 



1. Heat is collected, then trans- 
ported by natural means. The 
components are integrated into the 

s 

basic structure of the building • 

2. Heat transfer caused by mole- 
cular scale Vibration. 

3. The component of a solar energy 
system which carries heat to the 
point of use. 

U. Components designed to form a 
unified whole. 

5. Component designed to retain heat 
for long periods of time. 

6. Moving air currents carry heat 
from a hot to a cold surface. 

7. Heat waves transmit energy from 
a warmer surface to cooler 
surroimdings. 

8. Collected heat is transported 
through system by pumps regu- 
lated by thermal controls. 

9i Receives solar radiation and 
converts it to heat. 



2. Check the statements which are correct concerning systems generally or 
sclar energy systems specifically. 

A system is designed to fulfill a specific purpose. 

b. Not only must the components in a system function well indivi- 

.dually, but also they must function effectively within the unified 
whole. 

c. If a component functions well individually, it follows necessarily 



that it will function well within a specific system. 



4> 



d. Heat is transported by natural means in an active solar energy system. 



e.> Convection and radiation are the only natural means of heat transfer. 
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ANSWERS TO ASSIGNMENT SHEET AND UNIT III TEST: . SYSTEMS 



Answer tc Assignment 1 

Three systems might be (A) the circulatory system of the human body; 
(B) an ecological system, such as can be seen in the life 'balances in smal^, 
naturally occurring pond; and (C) a motorcycle or an automobile. All are 
systems because they are made up of components whith must function together if 
the entire system is to function. 

A. The components of the circula'ory system are the heart and the 
arteries, vessels, and veins. The purpose of the system is to 
distribute oxygen and needed nutrients to the cells in the body. 

If the heart stops beating, distribution ceases. If a valve in the 
heart fails to close, the blood will not be pumped; if a vein or 
artery were to open or close, circulation of the blood could not 
continue. 

B. In a small pond, vegetation, insect life, and animal life function 
together to support life in the pond. Biological balances between 
these components can be very delicate. Wastes from insects and 
animals provide nutrients for the vegetation. Tlie vegetation con- 
verts carbon dioxide into oxygen for the insects and small verte- 
brates and invertebrates. A food chain exists among these creatures 
and if one link of the chain is destroyed all those creatures above it 
may die. 

C. A 'motorcycle has a motor, a drive assembly, and a st.::ring mechanism. 
Each of these components is also a subsystem made up oi ^smaller compo- 
nents. The total mechanism is designed to transport a person from point 
••a" to point "B". If the motor is not functioning or if the gears do 
not shift out of neutral, transportation will not occur. 
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Answers to Unit Test 1 



a. 4 

b. 9 

c. 5 

d. 3 

e. 8 

f. • 1 

g. 7 

h. 6 
1. 2 



Answers to Unit Test 2 
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UNIT IV 



COLLECTORS 



UNIT OBJECTIVES 



After completion of this unit, the student will be able to name the 



system. Tills knowledge wl^ be evidenced by scoring 85 percent on the unit 
test. 

SPECIFIC OBJECTIVES 

Upon completion of this unit, the student will learn to 
. 1. Associate correct definitions with the new terras in the ui\it. 

2. Select from given statements those that accurately describe general 
concepts about collectors. 

3. A. Identify the different types of flat-plate collectors. 



types of and function of the collector as a component in a solar energy 
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Terms and Definitions 



Beadwall * a patented Insulated window in which polystyrene beads are 
blown into oi pulled out of a space between two sheets of glass or 
plastic by a vacuuia- driven system* 

Clerestory window *- a south* facing window in the wall of a room which 
rises ^above an adjoining roof; the window can be used ta admit solar 
radiation. 

Collector - a device tor receiving solar radiation and converting It to 
heat In a fluid. 

Concentrating colle^^cor - a class of .;:ollectors which use reflectors to 
focus solar radiation on a siuall area. 

Fenestration - the placements size» and design of windows and doors in 
a building, 

Flat-'plate collector a class of collecfo^s so named because of the large 
surface area exposed to the sun. 

Heat-transfer medium - a liquid or pas which absorbs heat efficiently and 
moves the h;:tat away ^ro<& the collector to storage or to point of use. 

TliermosVphoning - the principle that heated g^sses and liquids rise 
/^naturally has been applied sas a means of heat transport in passive 
solar exiergy j*y stems, aeat built up within a wall or roof structure 
can be drawn off to hjtat interior spaces. 

Trombewall - a tvpe of passive collector which makes use of a massive 
masonry wall, pair ted black and placed behind a south-facing wall of 
glass. Air trapped between the wall and whe glass is heated « moves up 
ovo: the w<*li and into the interior space. 
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Information Sheet: Collectors * 

2. Introduction to Collectors 

The collector can be any suitable surface which will absorb the 

solar radiation striking the surface (insolation) , and convert it to 

usable thermal energy. (Note: in a photovoltaic collector, insolation 

is cu 'vsrted directly to electricity). The thermal anergy captured by 

the collector is transferred to a fluid within the collector. ^ 

This fluid, a heat- transfer medium, is usually a gas or liquid which 

transports the thermal energy to storage or point of use. 

^ Specific types of collectors to be discussed are listed below. Some 

collectors can be organized and operated independent of the unit they 

serve (i.e., the building). Collectors can be classified according to 

I, . 
whet^fcr they are used in active or passive solar energy systems. Tlie' 

following are usually associated with active systems: 

A. Flat-Plate Collectors 

1. Open-Water Collector 
li. Air-Cooled Collector 
Hi. Liquid-Cooled Collector 

B. Concentrating Collectors 

i. Linear Concentrating Collector 

ii. Circular Concentrating Collector 

A second class of collectors can be referred to as passive collectors. 
Passive collectors serve as integral parts of the building unit. If a passive 
collector is modified, thft entire design of the building would have to be 
niockfied. Son»e typical collectors used in passive solar systems are sou^h- 
facing windows, greenhouses, skylights or clerestory windows, thermosyphoning 
roof or walls, and ponds (especially roof ponds). 

Certain characteristics are common to all collectors. In general, a 
transparent sheet, or plate is used to cover the absorbing surface of the 
collector. The iibsorblng surface, or absorber, i? coated with a dark sub- 
stance to Increase absorption. Most of the solar radiation transmitted 
through the glass is absorbed and converted to heat. However, once heated, 

♦Adapted from AlA Research Corporation, S olar Dvellina Design Concepts . 
Washington, D.C., Covornment Printing Office, May 1976. 



Percent of Possible Sunshine Intercepted by a Plane Misaligned x Degrees 



Degrees 


Percer.t 


0 


100.0 


5 


99.6 


10 


98.5 


15 ' 


96.5 


20 


94.0 


25 . 


90.6 


30' 


86.6 


35 


81.9 


40 


76.6 


45 


70.7 


■40 


64.3 


55 


57.4 


60 


50.0 


65 


42.3 


70 


34.2 


75 


25.8 


8C 


17.4 


85 


8.7 


90 


0.0 



Table 4.1 

Evidently, when orienting planes to receive sunlight, pretty close is close 
enough. If your angle is off as much as 25 degrees, you still are intercepting 
over 90% of the possible sunlight. 

Source: Steve Baer, Sunspots (Albuquerque, New Mexico: Zomeworks, Inc., 1975) 
i p. 7. Reprinted by permission of the author. 
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the absorber will radiate heat away from it. The purpose of the cover 
plate is to reduce heat loss back to the atmosphere by convection or 
radiation. The cover plate, usually made of glass or plastic, will trap 
heat radiated. by the absorbing surface. While the solar radiation reach- 
ing the collector is generally in the .form of ultraviolet (short-wavelength 
radiation), the heat rk^iated from the absorbing surface is characteristi- 
cally long-wavelength racliation. Glass and some plastics will transmit 
short-wavelength radiation but absorb long-wavelength radiation. These 
characteristics of the materials explain why the heat is trapped in the 
collector. 



Active Collectors \ 



A. Flat-Plate Collectors \ 

|/hen talking about solar collectors, most people automatically think 
of a flat-plate collector. The flat-plate collector is simple and is widely 
used. It. absorbs both diffuse and direct\radiation. The collector can be 
oriented to catch the optimum insolation at\ desired time and temperatures 
to 250 F can be obtained. There tenq)eratures are well within the range 
needed for heating interior spaces or domestic hot water. 

The flat-plate collector works best when the collector surface is 
perpendicular to the direct rays of the sun. The tilt should be determined 
by the season of year when the most solar radiation is needed for the solar 
energy system; however, the tilt need not be exact. Tlie amount of sunshine 
intercepted by a misaligned collector has been calculated (see Table 4.1). 

A flat-plate collector usually consists of the following: one or two 
cover plates; a dark-colored absorbing surface insulated on the back to 
reduce heat loss; and a transporting fluid, either air or gas, which absorbs 
the heat and carries it to storage or to points of use (see Transparency 
/..I). The type of fluid used in the flat-plate collector further defines 
tl.o type of flat-plate collector. Often the type of fluid used is determined 
bv othor components In the system. 
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1. Open-Water Collectors * Water makes a good heat transport ^l^i^ for use 
in a flat-plate collector. It requires a smaller space for piping^ and it 
absorbs heat readily. In an open-collector, such as Harry Thomason has 
developed, the water is trickled over the absorber surface. The absorber 
surface is usually corrugated roof Ing material which is painted black. 
The water is distributed across the top of the collectors and trickled 
down the grooves where the water absorbs heat from the absorbing surface, and 
and is then . caught in a trough at««the bottom and piped to storage. With-N^ 
out a cover, there will be heat losses by evaporation. If a glass cover 
is used, to prevent evaporation^ water condensation on the surface can 
reduce the efficiency of the collector. A second cover. sheet minimizes 
this problem. 

Another possibility is to place a second sheet of the corrugated 
roofing over the firsts leaving only a small passage for the water so that 
the water will be in contact with both surfaces. Open«-water collectors have 
been operated successfully in the Washington > D.C. area. In cold climates 
with hard freezes, these collectors should be evaluated carefully before 
Installation. 

This type of collector can be constructed at the building site. A 
collector which can be constructed at the building pite from easily 
obtained materials will be less expensive than a factory-produced collector 
which must be shipped intact to the site. If there comes a time when demand 
Is sufficient to justify mass production of a standard collector type, this 
saving may be reduced. 

li» Hot-Liquid Collectors , Most collectors using a liquid as the heat trans- 
port medium pipe the liquid through the collector box. The pipes usually 
are attached to the absorber plate, and the heat transfer is by conduction ♦ 
To Increase heat transfer by conduction; greater absorber surface area must 
be in direct contact with the heat transfer medium. Rectangular pipe is used 
rather than round tubing, thus increasing the amount of surface contact and 
effecting bettor heat transfer. Tlie heated liquid is transported to storage, 
v^here the heat is transferred to the storage medium* 
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There are problems involved in using a liquid transport medium. If 
water is used, freezing is a real danger: and repairs can be costly. 
Controls can be added to the system to prevent freezing, but the controls 
themselves can be costly. Also, leaks may occur. If solutions such 
as antifreeze are used, corrosion caix decrease the efficiency of the 
collector. However, liquid collectors are efficient in collecting and 
transporting heat. The liquids used absorb heat readily and require 
relatively smaller space for piping than does air. 

Hot~Air Collectors . Air can be used as the transport medium. By 
using air, problems associated with freezing, leaks, and corrosion are 
overcome. Also, the heated air can be pumped directly into the interior 
space to be heated or it can be pumped to storage. 

There are problems associated with using air as the transport medium. 
A much larger volume of air is needed to transport heat than is needed if 
a liquid is used as the transport medium. The transfer of heat from the 
absorber to air presents some problems in efficiency. Often, a finned 
apparatus, screenwire, or some other method is needed to increase contact 
of the heated surface with the air (Environmental Research Laboratory, 
Reprint No. 43, Tucson, Arizona: Tucson International Airport). 

Concentrating Collectors 

Concentrating collectors use reflectors to increase the amount of 
radiation striking a small area. The target area may be either a tube or a 
point which absorbs the thermal heat. A major problem with concentrating 
collectors Is that they require direct radiatiqn. Thtis they will uoL absorb 
heat on a cloudy day. Also, concentrating collectors require tracking 
devices to follow the sun. Another problem is that the reflecting surface 
must be kept clean. To date, concentrating collectors have not been used 
extensively in system designed for interior heating of dwellings. A major 
advantage of concentrating collectors is that less surface area is needed to 
collect solar energy in an amount equal to that collected by a flat-plate 
collector. 
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i. Linear Concentrating Collectors , . Linear concentrating collectors 
reflect radiation onto a pipe or tube, which is the absorber* The heat- 
transport medium circulates through the absorber and is then moved to the 
point of use or to storage. Fairly accurate orientation to the sun must be 
maintained, both in an east-west and north-south direction. A linear^ 
concentrating collector is illustrated on Transparency 4.2. 

ii. Circular Concentrating Collectors . Circular concentrating collectors 
are dish-shaped to focus radiation on a single point An absorber is 
located on the poiat. ^ The heat absorbed is carried to point of use or 
storage by a transport fluid. Circular concentrating collectors must 
track the sun to collect direct rays. However, high temperatures can be 
achieved which may make their use highly desirable (see Transparency 4»3). 

P assive Collectors 

A passive solar energy system is designed to make the greatest possible 
use of natural heat transfer processes— conduction, convectiony and radia- 
tion. Usually » the heat collector and the storage areas are an integral 
part of the living space, and it is impossible to entirely divorce the 
two components in a passive system. However, homes are now being built with 
one or several combinations of the individual components. The emphasis here 
will be on the collector component. 
A. Fenestration 

Windows admit into a room solar radiation which can then be absorbed by 
surfaces within the building. South-facing windows are used to increase heat 
gain The major drawback of south-facing windows is the enormous amount of 
heat which is collected* To reduce over-heating, however, massive walls and 
floors can be used to absorb and store the heat. How massive the walls and 
floors must be can be calculated so that the mass does not become a drawback* 
If the mass is too great, it may take up too much of the heat acquired or it 
may cake too long to warm up after periods of low temperature. 
B • Greenhouf^eB 

Greenhouses, on the south side of a house, are also used to collect heat* 
However^ to avoid heat loss, some kiud of Insulation must be available. 3ead- 
w a 1 Is ate one possibility. A Beadwall is a p^^ented system involving a space 

• u 
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between two sheets ot glass or plastic. Polystyrene beads are blown into or 
pulled out of the space by a vacuum-driven system. Panels of insulating 
material can also be used for insulating the greenhouse to avoid heat loss 
at night or on cloudy days. A massive floor of rock or masonry or a 
masonry wall between the greenhouse and dwelling may be needed to avoid 
over-heating, 

C. Skylights and Clerestory Windows • 

Skylights and clerestory windows can also be used to collect heat from 
sun. It is important to note that both may need to be insulated at 
night or on cloudy days. Insulated shutters are available for this purpose. 
Windows pUced in the ceiling or high in a wall can be a problem because 
the heat could be trapped near the ceiling. The heat admitted through 
skylights and clerestory windows will eh'ter at a high point in the building. 
A return air register can be placed at a point high in the room. The heat 
gained from solar radiation and trapped at the ceiling can thus be circulated 
to floor level. A fan placed in the duct will facilitate the circulating 
process. 

D« Tl ie The rmosy phoning Concept 

The thermosyphoning concept, uoing the walls and roof, can also collect 
solar energy for use in heating interior spaces. The fact that hot gases r 
or liquids rise can be used to employ a natural heat transport system. If 
solar-heated air, trapped in an air space within a wall or roof, is warster 
than the air in the interior of the building, the solar-heated air can be 
drawn off through vents. If the exterior wall r roof is made of glass or 
plastic, much higher temperatures can he obtained and the thermosyphoning 
technique will be more efficient. 

A special application of the thermosyphoning technique is the Trombe 
WaU . Placed behind a south-facing Wall of glass is a massive masonry wail, 
painted black. Aii air space between the window and the wall traps the heated 
air, which moves up and over the wall into the room. Vents at the bottom of 
tlie wall allow colder air from the Interior to enter the space, and a.s the 
air is lieated it moves up and finally re-enters the Interior of the house. 



E. Roof Ponds 

Roof ponds can provide both heating and cooling o£ buildings. Tlie 
pond is usually placed on the roof. However, the pond can be put in the 
interior of the building with the liquid, usually water, circulated to 
the roof* Presently, designers are experimenting with using pools com- 
pletely separated from the building to collect and store heat* Controls 
are needed if roof ponds are used as collectors to maintain the most 
comfortable teiaperature level within the building* ' using insulated 
panels to either cover or uncover pond or by filling or emptying the 
pond, heating and cooling naeds c.pn be satisfied* * 

When the ponds are ox che V the water is usually contained in 
blrxk plastic bags* So'ie arrangements du not use a transparent roof 
covering because then during the nij evaporation o^n be used, as well as 
conduction and radiation, to help cool the ^.later* 

Solar ponds are most effective ix. warm, dry areas with cool or cold 
nights* In warm climates, the ponds would be covered during the day. Cool- 
ing thus accomplished by allowing natural radicition to wha sky at night. 
If the water is cooled at night, th<^n during the day time, the heat from 
the building can be absorbed by the ponds for radiation at night* If heat 
is needed, the insulating panels covering the pond are removed during 
the day ^o the water can absorb heat and then placed over the pond at night 
to retain the solar heat collected during the day* Solar ponds are not 
frffective in areas of the "ountry with high humidity. High humidity intern- 
feres with night radiation during tir'^s when cooling is desired* 

ITiere are real advantages to placins the solar poixds on a flat roof. 
In southern climates^ if the roof is flat, theve is no problem about 
how the building is oriented with regard to the sun. In northe-.*n climates, 
tne ponds should be covered, tilted, and placed under a transparent cover 
for best results. The insulation panels can be moved with the aid of 
fairly simple mach'^ery aud stored, perhaps over the garage or a patio 
cover-l^ig. If the pond is in direct contact with the interior space and 
spread over i:he entire roof area of the dwelling space, heat is radiact.d 
evenly throughout the living area. 
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) ASSIGNMENT SHEET: COLLECTORS 

■ CM 

1* List the advantages and disadvantages of an open-*water collector* 
Advantages Disadvantages 



2. lyis^ the advantages and disadvantages of a hot-llquld collector. 
Advantages Disadvantages 



3, Li^\ the advantages and disadvantages of a hot«-alr collector. 
Advantages Disadvantages 



4, List the a^antages and disadvantages of a linear concentrating collector • 
\dva^tages Disadvantages 



5, List the advantages and disadvantages of a circular concentrating collector. 
Advantages Disadvantages 
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ACTIVITIES— MAKING A COLLECTOR 

Activity 1 

A. Materials Needed ^ ^ 

1. Two cans with covers 

2. Black paint 

3« Four glass jars. Size is important. Each can must fit inside one 

jar which will in turn fit inside the second jar. 
4. Thermometer 

B. Procedure. 

1. Paint one can black and allow paint to dry. 

2. Fill both cans with water and seal. 

3. Place a can inside each of the smaller Jars. 

4. Lay the^ jarB on their side where the direct rays of the sun will 
strike the jars. 

5. • "ter approximately 20 minutes (depending on the size of the contain- 
ers) read and record the water temperature in each can. 

6. Repeat the activity, but this time, place each can and jar inside 
the second glass container and wait for approximately 20 minutes 
before reading the temperature of the water. 

7. Leave these "collectors'* where the direct rays from tue sun will 
strike the containers for about one hour. Read and record the tempera- 
tures again. 

C. What Has Been Learned? 

1. VHiat temperature differences vere observed? 

2. How couM higher temperatures have been obtained (consider using 
insulation and reflectors)? 

3. Can you explain why a difference in temperature was observed when two 
glass containers were used instead of ore? 
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Activity 2 

A« Materials Needed 

1, A 2' X 4 V rectangular box with sides approximately 4" high, 

2, Insulation 

3, Black paint ' ' ^ 

4» Transparent glass or plastic cover 

5, A large quantity of cans of the same size; beer cans or vegetable 

cans would be ekcellent. 
6» Hole cutter 
1. Can opener 

8, Epox^ glue or caulking material 
9* Thermometers 

B, Procedure 

1, Make two 4 1/2 feet tubes by cutting off can lids and bottoms and 
gluing' the cans together. 

2, Remove one-half the lid and the bottom of each can. In this way, 
the movement of air through the tube will be impeded and more heat 
will be absorbed. Leave the lids at each end of the tube intact • 

3, Paint the one tube black* 

4» Place insulation in the bottom of the box. 
5. Paint the surface of thp. insulation black. 

.6. Cut holes in either end of the box. Place cans in box o thar the 
cans wilx protrude slightly at each end. Caulk around neniug* 

7. Cut 2-inch openings in each end of tube, 

8. Place transparent cover over collector. 

9. rilt coiit'ctor so that the? flat, transparent surface is normal 
(perpendicular) to the direct rays of the sun. Be sure the holes in the 
lubes are not blocked. 

10. After approximately ^0 minuLos , check the temperature of the air 

ent ».ring the collector at che bottom and the air escaping at the top. 
B<i carelul to shade the the -.momet er when taking t emf^era tvire readings. 



What Has Been Learned? 

1, Is there any difference in temperature between the air rising in the 
tubes which were painted black and. those left unpainted? 

2. Materials can be a serioua problem in building collectors because the 
materials must withstand high temperatures and prolonged exposure to 
solar radiation. Plastics, caulks, adhesives, and paints are of 
especial importance. Where might one obtain information about 
materials? 
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UNIT TEST: COLLECTORS 



Match, definitions with the correct terms • 
__^a. Collector 

h . Heat- transfer medium 
c> Flat-plate collector 

d> Concentrating collector 

e. Clere8tor> window 

f • Fenestration 

^g* I'lAermosyphoning 

h. Beadwall 

i. Trombe Wall 



1* Placement, size, and design 

0 

of windows a^.i d its In a 
building* 

2. A means of heat transport making 
use of the principle that heated 
gasses and liquids rise naturally, 

3* A type of passive collector which 
uses a black masonry wall and a 
glass wall with an air space in 
between, 

4» A component in a solar energy 
system which receives solar 
radiation and converts it to 
heat • 

5. A class of collectors which 
expose a large surface fivea to 
the sun. 

6. A south-facing window in the wall 
of a room which rises ^bove an 
adjoining roof. 

7. Polystyrene beads are blown into 
or pulled out of a space between 
two sheets of glass or pl-^-^^tic by a 
vacuum-driven system. 

8» A liquid or gas which absorbs 

heat and moves It Trom thp collec- 
tor to storage or to point of use. 

9. A class of collector wliich reflects 
rr-^' Ion and focusses it on a 
sm'll area. 
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2. S^Iqcx from the statements written below those which accurately describe 
general concepts about collectors and mark them with an **x*\ 

___A. Any surface which will absorb soalr radiation and convert it to 
heat can b^ called a collector. 

^B. If a surface i<5 coated with a dark substance, it will increase the 

rate of absorption of radiation. 

^C. Open-water collectors are a type cf concentrating collector. 

D . The traiisparent sheet which covers the absorbing surface of the , 

cullectQir serves mainly to keep the absorbing surface clean. 

E . After radiant energy is converted to heat, it is transported away 
to storage or point of use in a solar energy system. 

F. Heat is trapped in the collector by the transparent covering. 

^G. Once the absorbing surface of the collector has absorbed the 

radiant energy, there is no danger of heat loss. 

i \. A south-facing window can seiTve as a solar collector. 

3A. Flat-Plate Collectors 

!• Identify the different types of flat-plate collectors by filling in 
the Llanks with the proper term, 
a* Open-water collectors 
b* Hot-liquid collectors 
c. Hit-air collectors 

1. V\n liquid which serves as the heat-trar.sport medium is piped 

Lhrough the collector box, 
2 > Air is pumped through the cc' lector box. 

3. The heat-transport medium, water, is trickled over the abo .*:ber 

st^rface, which is usually made of a corrugated rooElng material* 



II, Select from the following llst^ the advantages and disadvantages 
associated with the three types of flat-^plate collectors. Place 
lett^irs from the list on the appropriate lines for each type of 
collector. Each letter may be used more thmi once, 

a. Freezing 

b. Corrosion 

c. Heat losses through evaporation If cover Is not used, 

« 

d» Leaking 

Heat-transfer medlim can be pumped directly to point of use, 
f • Usually less expensl^ve 

g. Water or. other liquid is an efficient heat-transport fluid, 

h. If cover is used condensation may interfere with rate of absorptlonT^* 

i. Because heat transfer is a problem, greater direct contact of 
heat-transfer medium with absorber surface is needed, 

j. A larger volume of the heat transfer medium must be used. 

No problems with freezing, 
1. No problems with corrosion, 
m. No problems with leakage, 

n, A smaller piping ysstem id needed ^to carry the heat-transfer medium. 

0. A larger piping system is needed to carry the heat-transfer medium. 

1. Open-water collector 
Advantages 



Disadvantages 



It, Hot-llquld collector;^ 
Advantages 



Dlsadvautagos 
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111. Hot-'alr collectors 
Advantages ____ 



Disadvantages 



3B. Concentrating Collectors 

!• Match terms with the appropriate description. 
a> Not a collector 
^b. Linear concentrating collector 



l_c. Circular concentrating collector 

1. Radiation Is reflected onto a pipe or tube through 
which the heat transport medium Is circulated, 

2. The radiation Is focussed and reflected onto a sin 
point. 

3. Radiation Is reflected onto a single spot on the moon. 
II. Select from the following list the advantar iS and disadvantages asso- 
ciated with the two types of concentrating collectors. Place letters 
from the list on the appropriate lines for each type of collector. 
Each letter may be used more than once. 

a. Only a small area is needed to collect a large amount of 
energy. 

b. The collector must be oriented exactly with the sun. 

c. Orientation with the sun must be fairly accurate. 

d. Absorbs only direct radiation ^ 

e. High temperatures may be obtain c. 

f. Tlie reflecting surface must be i^et .: clean. 

1. Linear Concentrating Col^^ctor 
Advantages 



Disadvantages 
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2, Circular Concentrating Collector 
Advantages 



Disadvantages 



Passive Collec tors 

Identify and mark with a "if the statemcaits below which accurately 
describe passive collectors. M^rk false statements with an "F". 

South- facing windows collect only small amounts of heat, 
. Tliere are no drawbacks to using greenhouses as passive collectors. 

Because of the natural movements of heated air, air can be used 

as the heat- transport medium in passively heated dwellings. 
Massive walls and floors of rock or masonry have no effect on the 

amount of heat which must be collected, 
J^* heat admitted through skylights and clerestory windows enters 

at a high point in the room and is trapped there. 

f • In a Trombe Wall, vents are placed at the top and bottom of the wall 

^ 8» The purpose of the vents in the Trombe Walls is to allow warm air 

« 

to enter the interior of the dwelling' as it rises and to allow 
cooler air to he tnov^^d from the interior of the dwelling to be 
reheated, 

„_J^* Koof ponds are a type of passive solar collector. 

The heat collector and the heat storage components can be entirely 

separated In all passive solar energy systems. 
windows are used for thermal gain, the windows must be insulated 

at night. 

k. Roof ponds can only cool buildings. - ^ ^ ' 

!• ^ool ponds work best i:. areas with high humidity. 

SolaiT ponds may be completely separated from the buij^dlng. 

If a greenhouse Is used to collect heat, the windows will need to 

be insulated at night and a massive fIoi)r or wall will he needed to 

to absoro the heat. 
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ANSWERS TO ASSIGNMENT SHEETS AND UNIT IV TEST: COLLECTORS 



AnswciTs to Asslenment 1 

Advantagea 

Water is a good heat transport medium 

Collector is inexpensive 

Smaller piping system is needed to carry 
the heat-transport me4ium 



i^igw er s to Assignment 2 

Advantages 

Wattir is a good heat transport medium 

>Smaller piping systemvis needed to carry 
the heat transport medium 



pigadvantages 

Without transparent cover heat is 
lost to evaporation. 

With transparent cover » condensation 
can be a problem. 

Freezing 

Corrosion 

Leakage 

Disadvantages 
Freezing 
Leaking 
Corrosion 

Heat transfer is by conduction, 
meaning that contact of heat trans- 
fer medium with absorber must be 
maximized. 



Answers to A/Jsignment 3 

^- 

y-^ AdvaVtagfcs \^ 

Does not freeze or cprrode 

^JUi^kage is not a probs).era 

TVim can be pumped directly to point 
of use. 



Disadvantages 

Larger volume of heat transport 
medium is needed. 

Requires large duct work. 

Heat transfer from absorber to air 
is not efficient . 



Answers to Assignment 4 

Advantages 

Small area Is needed to collect 
large amouxits of energy 

High temperatures may be obtained. 



Ans wers to Assignment 5 

Advantag es 

Small area collects large amounts of 
energy 

High temperatures may be obtained 



Disadvantages 

Orientation with sun must be fairly 
accurate 

Absorbs only direct radiation 

The reflecting surface must be kept 
clean 



Disadvantages 

Collector must be oriented exactly 
with sun 

Absorbs only direct radiation 
Reflecting surface must be kept clean 



Answers to Unit Teat 1 

A. 4 

B. 8 

C. 5 



D. 



H. 
I. 
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F. 1 
C. 2 




<\nsw o rs to Unit Tes t 2 
A, B, K, F, H 
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Answe r to Unit Test 3A 



I. 1. b 



2. c 

3. a 

II. 1. Advantages f»g»n 

Disadvantages a,b,c,d,h 

11. Advantages g,n 

Disadvantages a,b,d,l 

111. Advantages c,k,ltm 

Disadvantages l»j>o 

Answers to Unit Teat 3B 

I. 1. b 

2. c 

3. a 



II. 1. 



11. 



Advafitages a,e 

Disadvantages c,d,f 

Advantages a,e 

Disadvantages b»d,f 



Answers to Unit Test 4 

a. F f. T 

b. F g, T 

c. T h. T 

d. F ... F 

e. T j. T 



k. F 

1. F 

m. T 

n. T 



n 
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ABSORPTION AND RERADIATION COLLECTED HEAT 




From AlA Research Corporation, Solar Dwelling Design Concept s. Washington, D.C., Government 
Printing Office, May 1976. 




From AlA Research Corporation, Solar Dwellltis Desir^n Concepts . Washington, D.C, 
■ C.ovurnment Printing Office, May 1976. 
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Circular Concentrating Collector 




90 



Frnn AtA Hesenrch Corporation, So lar D welli ng Design Concepts . Washington, D.C., 
(lovornment I'r int i ng Of f Ice, Hay 1976, 



ERIC 



Ir 0 



UNIT V 

STORAGE \ 



UNIT OBJECTIVE \ 
.« . * . \ 

After completion of this unit, the student will be able tOk name the 

types of and function of the storage component of a solar energy system. 

This knowledge will be evidenced by scoring 85 percent on the unitfc^st, 

SPECIFIC OBJECTIVES 

r 

After completion of this unit, the student will learn to 

1. Recognize correct statements referring to the storage component, 

2. Identify which statements about passive storage are true and which 
are false. 

3. Select from a list the correct advantages and disadvantages asso- 
ciated with each of three types- of active storage systems. 
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Iiiformation Sheet * 

1, The Storage Component , .i 1 

' Energy In , the form of, direct or diffuse solar radiation will not be 
available for collection and use at night or on cloudy days. If the solar, ^ 
energy system Is to be of value » the energy must be collected when It is 
available and stored for later use. The heat can be stored by raising the 
temperature of such substances as rocks, water » concrete, or other masonry. 
Another method now being investigated is to use the energy to cause changes 
of state, such as changing a f^olid to a liquid or a gas. 

The type of storage used in a particular system may depend upon the type 
of collector used for a specific building. However, considerations about 
Storage loater la ls~«* their cost, operation, and size^must be uaken Into 
account In planning the entire solar energy system. 

2. Heat Storage In Passive Systems 

The solar radiation received from south-facing windows or transparent 
panels Increases the temperature of room air and surfaces exposed to the 
8un*s rays. As such, the room*s air and exposed surfaces (walls, floors, 
furniture) are the solar storage components for a window wall, greenhouse, 
or transparent panel which collects the radiation. For most situations, 
the storage capacity of the air and surfaces will not be sufficient for 
long. periods of heating demand. Additionally, In the process of "charging" 
the storage, the space may become overheated and possibly extremely uncom-* 
fortable for the occupants. 

In order to reduce the overheating effect, masonry surfaces such as 
concrete, brick, tile, or stone on the floor or on the walls can be used 
for their heat storage capacity, absorbing the heat during the day and 
radiating it later for several hours or^^more. The storage effect of a 
particular floor or wall can be calculated as ^ function of the specific 
heat of the masonry, its volume and weight, and the expected temperature 
differences it will experience throughout the day* Too great a storage effect 
in thu exposed room surfaces can have a negative effect on occupant comfort 
or fuel consumption if the morning ••reheat" time of the materials is too 



^Adapted from AIA Research Corporation, Solar Dwelling Design Concepts , 
Washington, D.C., Government* Printing Office, May 1976. 



long. However, properly designed, the thermal mass of constru 
materials can play a significant role in an integrated solar dwelling 
design. . 

To use the radiation stored in the air and room surfaces eiffectivexy, 
careful* attention must be given to minimizing the loss of heat at iil^ht 
or when collection is not occurring. Insulated drapes, shutters, and 
other such devices are necessary to reduce heat loss and increase the 
use of trapped heat through windows. The room size; the window placement; 
the material composition, volume, and weight; and the expected temperature 
difference will also determine the performance of the solar storage. 'The 
exterior side of masonry walls used for thermal storage should be insulated 
to prevent heat loss from the walls. 

A more direct application of this storage concept' involves the place- 
•ment of a glass or transparent wall over an exposed masonry surface, such 
as in the Trombe Wall. The exposed surface serves as the collector and as 
the heat store-. The collecting surface is painted a dark color and is 
located directly behind the transparent surface. The heat transfer and 
specific heat of the wall material and the expected temperature range will 
determine the volume of the wall. The radiation time-lag must be accurately 
calculated to assure proper heating of the space. It is sometimes necessary 
to place insulation on the room Side of the storage wall to avoid overi\eating 
the space. The exposed masonry storage method is frequently used in conjunc- 
tion with interior and exterior vents to control the hpat distribution to the 
space or to another storage system. 

A variation of exposing a masonry surface to solar raiiiatin is to expose 
containers filled with water. The exposed water containers may be placed 
just in«ide a glass south-facing wall. The sides of the containers facing 
the transparent wall are painted black and serve as collecting surfaces. 
To retain heat collected in this manner, moveable insulation should be used 
to cover the south-facing wall at night. Roof ponds function in much the 
same manner, collecting and storing heat during the daytime. Likewise, the 
water- filled containers will reradiate heat to the sky at night during the 
summer and thus can be used for cooling the building as well. Careful 
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calculations are required to propetly size the storage capacity. Also, 
thermal controls such as interior and exterior vents may be necessary to 
assure a proper lag-time and to avoid overheating. * ^ ' . 

Heat Storage In Active Systems . ^ ' ^ ' ^ 

Rock Storage 

Rock storage is most often associated with flat-plate collectors' using 
air as the transport medium. Pebble beds or rock piles contained in an 
insulated storage unit have sufficient heat capacity to provide heat^for 
° extended sunless periods. The rock storage is* heated as air tx<Sme^^^Si^^ 
" collector is forced through the rock container by a blower. Rock storage 
will require approximately 2 1/2 time the volume of water storage, assusoing 
the same temperature range. For example, a rock pile with a void space of 
one-third the total' volum'' can store approximately 23 JBtu/cubic feet/degree F 
However, rocks can be used, j store heat at temperatures above 212°F. 

A convenient rock size for storing solar heat is about two* inches in 
diameter. A decrease in pebble size Ihcreases the air flow resistance 

througfi the storage and may affect blower and duct size and distribution 

■'J 

efficiency. Rock storage does not have to be in close proximity, to the 
collector. , However, as the distance increases, the heat transfer losses 
'between the heated air and the rocks als^ increases and larger air ducts 
and more electrical power are generally required for moving air between the 
collector, storage, and -heated spaces. 

Rock beds, while bulky, require litt}.e or no maintenance, and rock is 
cheap. Hot air gives up its heat quickly to the rocks, and elaborate heat 
exchangers such as are needed for liquid systems are not needed with air 
and rock. 

Water Stora ge 

Water has the highest heat capacity per pound of any ordinary material, 
it Is also very Inexoenslve and therefore Is an attractive storage and 
heat-transfer medium. However, it does require a large storage tank which 
may be expensive. It is' sometimes practical to compartmentali2e the storage 
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tank to control temperature gradients (different tt^iperatures v.^thln the 
storage tank) and to maintain an efficient heat transfer. Potential dlsad- 
vantages of water storage include, freezing > corrosion » and leakage. 

Water storage tanks must be protected from freezing If located outside 
the dweJLlingt Al8o» the tank must be heavily insulated to prevent loss of 
the stored heat* Steel tanks are subject to corrosion unless rust and ^ 
corrosion inhibitors are added » but then the water cannot: be txsed for most 
hQusehold purposes. A plastic liner would solve the rust and corrosion 
problems, but the types of plastic needed to store large quantities of 
water at high teiqperatures are expensive. Concrete Is safe, durable, and 
relatively inexpensive; but If a "leak dpfs occur, it is difficult to repair. 

Heat is generally transferred to and from storage by a working fluid 
dlrculaped by an electric pump. The heated working fluid itself may be placed 
<Ln storage or Its heat transferred to the storage tank by a heat exchanger. 
The process of heat transfer to water is more efficient than to rock, and, 
therefore, -less surface for the heat exchanger is required. However, care 
must be taken to guard against contamination of water intended for house-^ 
hold use by the hearted working fluid. This warning applies mainly wh^ - 
antifreeze or a rust inhibitor are used loathe heat transport medium, fcr 
these substances may be toxic. 

Syjstems using a liquid transport and transfer medium are better suited 
for uae with domestic hot water heaters. Thus if the solar energy system 
is planned to incltide the use of solar energy for heating water for domestic 
use, a liquid system may be preferred. Also, the availability of liquid 
system components raaken liquid systems more attractive for the time being. 
Although air systems were developed earlier than were the liquid fsys terns , 
the latter have been used more frequently in recent years, which accounts 
for the availability of components for liquid systems. 

Change-of~State Storage 

P*-o9e^ses which induce a change of state from a solid to a liquid when 
heated can be used to store energy, l-he change in state permits the storage 
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of more heat per pound than \lf the material did not chang^^^cooposition. 
When a material such as Glaui^er*8 s^lt is coble.d an4 goes^from a liquid 
^o solid state, it gives off ^his ext^(i heat. Thia method, however, is 
still in the experimental state. ' \ 

The great advantage of change-of-state. storage Is that it can contain 
a great amount 'of heat in a limited space i^nd at limited weight. 'l<et*s 
say that the ob:)ective of a storage system is to hold 200,00^ B&u's at 
100-160° F. Water systems would need 53 cubic, feet at 3,300 pounds, rocks 
would need 175 cubic feet at 17,500 pounds, while Glauber's salt would 
require only 19 cubic feet at 1,740 pounds. In addition, such salts are 
obtainable at relatively reasonably prices. 

Salt storage, however, has a number of major limitations. The salts 
can onl" go through so many cycles before their natural state is altered 
to the point whereby they lose their capacity to, successfully store heat. 
There are some chemical additions which act to prolong the nuinber of 
cycles' considerably , and there are some interesting experiments which, if 
successful, may dynamically pi^olong the life span. i 

Although salts are economical, present costs f or ' contalnerizatlon and 
transporttatlon are fairly expensive* Mass production could brl^g these 
costs down dramatically • 

#, ■ 
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ASSIGNMENT SHEET: STORAGE 



0 



A l^a8emen.t which Is below ground and has concrete walls ^ud floor is 
almost always cold. Large industrial buildings are frequently built with 
cement walls and concrete floors. The Interior space is often very cool or 
even cold. .Does any of the material in this unit offer an explanation as 
to why? If. so, explain. 



I- 

Why would it take large amounts of energy to heat the interior spaces 
described above? 



List the advantages t.and,^ disadvantages of using rock storage., 



List t»s advantages and disadvantages of using water «torage. 
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ACTIVITIES—STORAGE 



A. Materials Needed 



1. , A large, well- Insulated Ice chest (lid off) 

2., A clear cover 

3. Two thermometers 

4. Props for Supporting the chest at the latitude angle 

5. Five-gallon can painted black, with rubber gasket in screw-top lid 

6. Wire • . . * • 

7. Graph paper 

B. Procedure \ 

1. Place the chest on the standards with the long axis of the chest 
pointing east**west and the open top facing south* 

2. Using the standards to support the box, tilt the box south at an 
angle equal ,to the latitude. * , 

3. Fi-11 the 5-pf.;.lon can with water. Be sure t» *ubber gasket, which 
can be cut from an inner tube, is flat and ir place. Slip the ther- 
mometer into a wire holder attached at the back of the 5-gallon can, 
and place the can in the chest with the thermometer at the top back 
of the can, i.e., out of the sun. Orient the thermometer so that 
readings "can be taken without uncovering the box, 

4. .Slip the vinyl cover over the chest.~soue wire or string or tape 

should be wrapped around the cover to keep it from blowing off. 

5. Hang the air thermometer from a wire at the back of the case, 
again, out o^ the sun — in the shadow of the chest. 

6a. Read| the thermometers every 2 hours throughout a 24-hour period, and 

, record the readings for each thermometer, 
b. Read th a. thermometers at 8:00 a.m. and 8:00 p.m. for 7 consecutive days, 
7. Plot the temperature readings for both thermometers over the 24-houri 
period. 

C. What Has "^en Learned ? 

The sun heats the water, but the water loses heat to the surroundings. The 
water temperature rises on sunny' days. The temperature falls during the night 
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or during cloudy weather. On some cloudy days when the clouds are thin and 
and the sky is bright, the temperature may stay even or« rise slightly. 

The uox does not measure the sunshine or the cold very accurately but 
it does show the difference and this is what is inqportant to a solar-heated 
house. 

The box is not a model of a solar-heated house. The temperature fluctu- 
ates much more, in the box than ik a house, . . . 

1, What differences are there in the temperature readings for the 
two thermometers? . • 

2, Does the temperature inside the box fluctuate more or less than 
the temperature outside the box? ' ' 

3, How do the fluctuations in the two temperature readings relate to 
each othex? 
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UNIT TEST: STORAGE 

1. Check correct statements referring to the storage con«>onent with an X. 

a . If a solar energy system is. to be of, value, the er^ergy. which 
is collected must be available for later use. 

• b. Heat can be stored in water, rocks, and concrete, among other 

possible materials. 

^c. Changing a solid, to a liquid does not involve the use of energy. 

^d. The type of collector nhed has no effect on storage. 

■ » 

2. Mark with a "T" those statements about passive storage which are true, and 

identify with "F" those statements which are false. 

a . When south-facing windows are used as the collectors, the best 
storage is the air itself and the furniture and walls. 

b. To reduce overheating, masonry and concrete walls and floors can 

be used to store heat. 

^ ^c. Overheating is not a problem in a passive system using south- facing 

windows to collect heat. 

^d. If the mass of concrete and masonry is too great, fuel consumption 

from an auxiliary heating system may go up. 

^e. The performance of solar storage in passive systems can be opti- 
mized by proper calculation of the storage mass needed. 

f. It's impossible to calculate the storage effect of exposed room 

surfaces in passive storage. 

g. Passive solar energy systems require that there be no windows in 

the dwelling. 

^h. If exterior masonry walls are used for their heat storage capacity, 

the internal surface must be well insulated. 

1> Water can be used as the storage component In a passive energy system. 

^j. Water storage is effective for heating and cooling a dwelling. 
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Select from the following list the advantages and disadvantages associated 
with the three types of active storage. Place numbers from the list on the • 
appropriate lines for each type of storage* arrangement . ' Each number may be 
used more than once, \ " . * 

1. Contains a great amount of heat In a limited space and at a limited weight. 

2. Since it is most frequently used» components are readily available t 

3. After extended use, the storage capjacity is lost* 

4. Freezing is a problem. 

* 

5. Freezing^ is not a problem, ^ • i ^ 

6. Corrosion is a problem, ^. * 
7^ Corrosi^Sn is not a problem, 

8, Leakage. is a problem. 

9. Leakage is not a problem. 

10. Finding an effective storage^ container is a problem. 

11. Container is not a pi-oblem. . < 

^ * * 

12. It. can store heat at high .temperatures, * ' 

13. The storage medium Is bulky. 

lA. It has a high heat capacity per pound. 

15. Weight Is a problem. 

16. Maintenance is high. . - 

17. Maintenance is low, 

18. * It is still in the experimental stages. 

19. The medium is inexpensive. 

20. Heating of domestic water is easily integrated into the system, 

A. Rock Storage 

Advantages 



Disadvantages 



B. Water Storage 
Advantages 
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' ANSWERS IX) ASSIGNMENT SHEET AND UNIT TEST V: STORAGE 



Answer to Aasignment I •« •> *• 

Masonry surfaces and concrete absorb whatever heat is available. In a 
basement there is no insulation between the wall and the ground, and the heat 
will move out into the surrounding dirt and thus not be available to reheat 
the Interior space. The mass of the concrete and. masonry in an industrial 
building may be so great that heat cannpt be supplied in a sufficient quan- 
tity. The heat provided, rather than heating the air, is absorbed by the 
masonry and concrete. ' , 

Answ er to Assignment 2 

It would take large amounts of energy to heat the Interior spaces which 
are enclosed by cement and xxLVAonry because the available heat will be absorbed 
by these surfaces. 

Answer to Assignment 3 
t Rock Storage 



Advantages 
^ Large heat capacity • 

Can store heat at high temperatures 
Low maintenance 
No leakage 
Inexpensive 

Used with air, exchange is simple 

iViiswer to Assitj^nment 4 
Wat^ 
A dvantages 

Highest heat capacity per pound 



Disad vail t ages 
Bulkiness of the rocks 
Heaviness of the rocks 
Require large space 



Water is inexpensive 

Heat transfer to water is more efficient Corrosion 
than to rock 



Disadvanta^^es 

Storage tanks are expensive 
Freezing 



Hi>atlng of domestic water is easily 
Integrated 



Leakage 
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" Answers eo Unit Teat 1 
Answegg ta Unit Test 2 ' 



a. 


F 


b. 


T 


c. 


F 


d. 


T 


e. 


T 


f. 


F 


g* 


F 


h. 


F 


1. 


T 


J. 


T 



Answers to Unit Teat 3 

A. Advantages 5, 7, 9, 11, 12, 17, 19 
Disadvantages 13, 15 

B. Advantages 2, 14, 19, 20 
Disadvantages 4, 6, 8, 10, 15, 16 

it 

C. Advantages 1» 5 
Disadvantages 3, 6 , 8 , 10, 18 

* Answer may be omit ted • 
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UNIT VI 
DISTRIBUTION 



UNIT OBJECTIVE 

After completion of this unit, the student vi^lli be able to explain 
the methods available for transporting the thermal energy to the point of use. 
This knowledge will be evidenced by scoring 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student will learn to 

1. o Recognise correct statements referring to the distribution coiiq>onent, 

2. Identify correct statements about distribution processes which make use 
of the flow of gasses. 

3. Identify correct statements about distribution processes which make use 
radiation. 
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Information Sheet 

/ 

♦ 

Ute Distribution Component 

Generally speaking, methods by which thermal energy froji storage or 
collector can be distributed to point of use are gas flow and radiation. 
Within each category there are several techniques by which the distribution 
of energy to occupitd spaces can be accomplished. Some involve mechanical 
and electrical equipment and processes while others Uullize natural convec- 
tion and radiation. The manner in which solar radiation is collected and 
stored will usually determine the means of distribution* For example, in 
a flat-plate collector which employs air as the heat- transport medium and 
a rock pile to store the heat, distribution is usually accomplished by air. 

r.as Flow Distribution 

Natural Convection ' 

Natural convection is the circulatory motion of air caused by thermal 
gradients without the assistance of jnechanlcal devices. An example of 
convection is the motion of smoke towards room lamps — the hot air generated , 
by the lamp rises because it is less dense, and cooler air moves in to 
replace it. 

Natural convection is a useful means of distributing solar thermal 
energy because ^.t requires np mechanical or electrical input. However, 
for this same, reason, careful attention to design s. required to maintain 
' proper control of convectlve distribution methods. The placement ot solar 
collectors, storage, interior and exterior walls and openings is extremely 
important for the successful operation of convectlve distribution. 

Tlie operation ryclc of natural convectlve distribution is quite simple. 
Heat from the collector or storage is supplied to the living space. This 
prcuess is controlled by fhe collector or storage design or by wall or floor 
vents. As the hot air rises to displace cooler air, convection currents 
similar to those causing winds occur, and the air is distributed through the 

Adapted from AIA Research Corporation, Solar Dwelling Design Concepts, 
Washington, D.C. ; Government Printing Office, May 1976, pp. 30-31. 
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space. The air is cooled, becomes dense, and falls toward the floor, 
where It is captured by cool air return vents, passed through the 
collector and storage and once again distributed » The '^ycle will 
continue as long as there is a temperature difference between the 
collector/storage coiaponents and the room air. When the convection 
heating cycle is not desired, in the summer for instance^ the warmer 
air ;qaay be vented to the exterior,^ 

Forced Air 

A forced air system relies on mephanical equipment and electrical . 
energy for the distribution of thermal energy. Design for solar systems is 
much the same as for conventional forced air systems. However, because 
solar'-'produced temperatures in storage are often relatively low, distri- 
bution ducts and vents must be largt. - than those used in conventional 
heating/ cooling systems. Therefore, to achieve maximum efxiciency in a 
solar system, careful attention to the design of air distribution through- 
out a dwelling is required. 

Forced air distrj^bution for solar systems is similar to conventional • 
air distribution. ASx from either the collector or storage is blown ^ 
through ducts to the occupied spaces. The type of solar collector or 
storage ic- not the determining factor for selection of a forced air ducted 
system: the system Is adaptable to rock, water, or change«-of<-state storage 
conq)onents. For rock and containerized change^of^ state storage, air is 
simply blown through the storage to ducts which supply the dwelling spaces. 
In the case of water storage, a heat exchanger is required to transfer heat 
from the liquid to air, which is distributed to dwelling spaces. . 

Radiation 

Natural Radiation 

Radiation occurs as a natural phenomenon. It is the direct emission of 
energy by a radiation source, and occurs without the need for any intervening 
substance such as air or water. All of the energy from the eun reaches the 
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earth by radladon through space. Thus, radiation can take place without, 
the assistance of mechanical devices. ' The radiation properties of the „ 
emitting and absorbing surfaces, which are Influenced by their temperature^ 
will determine the rate pf heat flow between the two surfaces. J^^ 

Unlike natural coitvectloni which is dependent on differential, air 
temperatures for distrlbutioh, natural radiation, is dependent on differ^n- \ • 

I 

jtlal surface tiemperatures. An example of. natural radiation is the sun 
' warming a greenhouse on a cold day. The radiant energy is transferred 
directly to the • greenhouse surfaces and is not significantly affected by 
the cool temperature of the surrounding air. "Natural radiation is parti- 
cularly useful for collector or storage systems which are directly exposed 
to the occupied spaces. The captured energy can be emitted by natural radia- 
tion directly to the room's surface. The walls, floors, and celling of a 
dwelling are used to collect and/or store thermal radiation. The, energy 
will radiate directly to a room's other cooler surfaces. 

Forced Radiat ion . - 

Forced radiant distribution relies on the transfer of heat to ait in the 
occupied spaces by radiation and convection from circulating hot water liquid 
flow chrough tubes. For cooling, the forced radiant- system is generally used 
in conjunction with a refrigeration unit which passes chilled water through 
a fan coil .unit located at the point of distribution. A blower is used 
to force air through the cooled fan coil unit and into occupied spaces. 

The piping for the radiant system may be locate«£ in the ceiling, floor,, * 
or along the w^all in fin tube baseboard units. The only significant' altera- 
tion required of conventional radiant systems for use by solar systems is 
the enlargement of the radiations surfaces — larger fin tubes or closer spaced 
celling or floor coils — because of lower temperatures from storage. 
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UNIT TEST J. DISTRIBUTION 



Mark with a "T" those, ^ateoents which are true, and Identify with "P" 
those statements which are not true. 

A . There are four general methods Used for distributing the thermal 
energy from storage or the collecting surface to the point of use. 

^B. Pumps must always be used to force a .heated liquid or air through 

^ the distribution system in solar heating systems. 

^C. The heat transfer medium may determine the type of distribution 

system used* 

^D. The way in which solar radiation is collected and stored may 

determine how the the^rmal energy is distributed. 

%, Radiation is the only method for distributing thermal energy. 

^F. Natural methods for distributing thermal energy are convection 

and radiation.- 

H G . The distribution component of a solar energy system can be accom- 
plished by using mechanical equipment and processes. 

H. Natural heat transfer principles cannot be applied in distributing 

thermal energy to a house. 

'\ 

Indicate which of the following statements apply to naturlnl convection and 
which apply to forced air. Not all statements may apply. ^ 
A'. Natural Convection ; \ ^. 

. B . Forced Air _j ; : 

!• The two surfaces must be in direct physical contact for heat transfe 

-^to occur. % 

* « 

2. When the heating cycle Is not desired, the warm air can be vented 

to the exterior of the building. 
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3. Distribution is similar to that used in conventional heating systems. 

4. Mo mechanical or electrical input Is required if the distribution sys- 
tem is designed carefully, 

^ . ^ 

5« Distribution is controlled by the collector or storage design or 
by wall or floor vents. 

6« Vents and ducts must be much larger than in conventipnal systems 
because temperatures are relatively low. 

7. The system is adaptable to any kind of storage component. 

8. Distribution will occur only if the sun is not shining directly 
„on the surface. 

9. Distrib' • Ion will continue as long as there is a difference in 
temperature between the collector/storage con^)onents and the room air. 

3. Indicate which statements below refer to Forced Radiation (FR) and which 
• refer to Natural Radiation (NR) . Some statements may refer to both; some ' 
may refer to neither method of distribution. 

A* Radiating surfaces* such as fin tubes or ceiling or floor coils, 

must be larger than in conventional systems. 

The walls, floors, and celling may be used not only to collect and 

store the energy but also in. the distribution of che energy. ■ 

... __C. Heat flow is determined by differences in te^erature of two 
-surfaces. 

Hot water is circulated through tubes In the floor or ceiling. 

L_^" Heat flow is partially aided by air temperature differentials. 

\ 
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. - . , ANSWERS TO UNIT TEST VI i DISTRXSUTION 

, \ 4 

« 

* . Answer^' to Unit Test 1 

. A. F. ♦ • ^ . '■ 

B. F 

C. " T ■ . 

D. T ) 

E. F ' 

* • 

V. 1 ' ■ ^ 

G. T • , ' 

U. F ' * ' . 

» 

Answers to Unit Test 2 

A. Natural Convection 2, 4,^5, 9 

B. Forced Air 3, 6, 7 ' 

i 

Answers to Unit Test 3 

A. FR 

B. NR 

C. FR, NR 

D. FR - ' ' 

E. FR 




98 



_ UNIT VII 

REPRESENTATIVE SOLAR ENERGY SYSTEMS 
FOR HEATING HOMES 



UNIT OBJECTIVE 



After completion of this unit, the student will be able to describe some 
representative solar energy systems. This knowledge will be evidenced by 
scoring 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student will learn to 

1. Associate 'correct definitions with the new terms in the^nit. 

2. A. Name and describe the components cf a warm-air flat-plate system. 
B. Identify advantages and disadvantages of the system. 

3. A. Name and describe the components of a warm-air flat-plate system. 
B. Identify advantages and disadvantages of the system. 

A. A. Name and describe. the components of a wamnwater concentrating 
system. 

B. Identify advantages and disadvantages of the system. 
5. A. Name and describe the components of a warm-air passive system. 
B. Identify advantages and disadvantages of the system. 



U3 
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1. Terms and Deflntttons 



Auxiliary energy system - In addition to the solar energy system, an additional 
heating system may Installed. These additional systems can range In 
complexity from an air- tight, woodbumlng stove to a gas-rflred furnace. 

Heat transfer medium, or heat transport fluid - a liquid or gas which absorbs 
heat 'efficiently and moves the heat away from the collector to storage or 
to point of use. 



/ 
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Information Sheet ' 

* r 

WarnnWater Flat-Plate Syetem ^ 

Solar heating using water, as the h eat transfer and storage nedlum Is a . » 
system which Is In common \iae today. The basic compi^nents ot a typical 
water system consist of a co^ector; storage; a system of piping, pumps, 
and controls for circulating water from storage through the collector; and 
a distribution network for transf<jrring stored heat to the dwelling space. 
The relationship of the various components ,of a warm-water solar system is 
diagrammed in Transparency 7.1. 

■ ■ < 

Component Description and Opetation 

A. Collector . The liquid-pooled flat-plate collector has a flat absorbing 
surface Integrated with transfer fluid piping which collects both direct and 
diffuse radiation. Energy is removed from the collector by a liquid flowing 
through conduits in the absorber plate. The transport fluid is pumped to 
storage, where the heat is transferred to the storage medium (water in this 
case) and then returned to the collector to absorb more heat. Generally, 
the transfer fluid is circulated through the collector only when the absorbing 
surface is hotter than storage (except in instances when snow has covered the 
collector surface and the heated transport fluid is circulated through the 
collector to melt it) . 

Storage . Storage consists of either a concrete or a steel tank 
located near or beneath the building (access should be provided) . The tank 
should be insulated to minimize heat loss. A concrete tank should be lined 
With a leak-proof material capable of withstanding high storage temperatures 
for extended periods without deterioration. Heat frum the collector Is 
transferred to storage by a heat exchange coil passing through the storage 
tank. Coll length and size is dependent on expected collector operating 
tenq^eratures. 

• 

* 

Excerpt from AIA Research Corporation, Solar Dwelling Design Concepts . 
Washington, D,C, , Government Printing Office, May 1976, pp. 32-38. 

i il 
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C. Distribution , The distribution system consists of a pxxmp and pipes 
which deliver heated water to the occupied spaces. A thermostat controls 
the operation of water flow or fan coll unit use In each room or dwelling. 
Baseboard heaters (convectors) require careful evaluation whia not used In 
conjunction with a fan coll unit. Liquid- coo led flat«>plate collectors 
seldom deliver water above ISO^F'ln winter operation without auxiliary energy or 
reflected surface focusing. For this reason most warm water distribution 
systems use fan coll units or enlarged convectors. 

Energy Is Transported away from the collector to storage by water or a 
water-antifreeze solution. Liquid transport fluids should be carefully 
evaluated before selection. The liquid must absorb heat readily at various 
collector temperatures and easily give up heat to the storage medium. Addl-* 
tionally, the liquid should not be corrosive to the system components, toxic, 
or susceptible to freezing or boiling. 

A gas-fired cohventlonal boiler Is integrated with the solar system to 
provide an auxiliary energy supply should the solar system fall to function 
or not meet the dwelling's heating requirement. The distribution piping is 
run through the boiler where an energy boost may be supplied when temperatures 
ti;om storage are not sufficient to heat the dwelling adequately. 

\l)omtistlc hot water piping is run through tUe central storage tank prior 
to parsing through a conventional water heater. Storage heat is transferred 
to the hot water piping, thereby either eliminating the need for additional 
heating or substantially reducing the energy required to raise the water to 
thti needed distribution temperature. The domestic water heating system may 
operate independent of the space heating system. Tills is very useful for 
summt^r months when space heating is not required. 

Advantages of Warm-Water Flat-Plate Systems 

1. They have repeatedly been proved to work well. 

2. Water is a cheap and efficient heat transfer and storage medium. 

3. Piping, as opposed to ductwork, uses little floor space, is easily inter- 
connected, and can be routed easily to remote places and around corners. 
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4. The circulation of water usea less energy than the circulation of 
air with corresponding heat content. 

5. Much less heat exchanger area is required than with an air system. 
Disadvantages of WarnnWater Flat*Plate Systems 

1. High initial ^ost, particularly when expensive prefabricated collectors 
are employed. With the use of large areas of lower-etf iciency collectors 
the total system cost may be Idwered considerably. 

2. Care must be taken to prevent the occurrence of corrosion, scale, or 
freeze-up capable of causing damage or blockage. 

3. Leakage anywhere in the system can cause a considerable amount of 
. damage to the system and to the dwelling. 

4. Contamination to the domestic hot water supply is possible if a leak 
allows treated water storage to enter the domestic water system. 

Warnh-Air Flat-Plate System 

Wan»-air systems differ from warm-water systems in that air is used to 
transfer heat frc:a collector to storage. The storage medium can be water, 
but typically rock piles are used for warm-air systems. Heat, stored in 
the rock pile, can easily be distributed to the dwelling space by a forced 
air system. One possible arrangement of a warm-air system is diagrammed in 
Transparency 7.2. . 

Component Description and Operatio n 

A. Collector . The-air cooled flat plate collector has a solid absorbing 
surface and collects both direct and diffuse radiation. Energy ia removed 
from the collector by air flowing in ducts beneath the absorber plate. As 
shown in the diagram, the system may be operated in four different modes: 

1. heating storage form collector 

2. heating house from collector 

3. heating house from storage 

4. heating house from auxiliary energy system 

The four modes of operation are regulated by several sets of dampers. One 
set of dampurs will direct air flow from the collector into sLorage or 
directly into the occupied spaces while another set will regulate air flow 
from storage to the occupied spaces. The dampers may be adjusted by manual 
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or automatic controls. During nodes two and three, an energy boost may 
by supplied to the warm air by the auxiliary enetfey system before the air 
Is distributed to the occupied space. The amount of the energy boost is 
determined by the temperature of the air passing through the auxiliary 
heater and the amount of heat required at the point of use. 

B. Storage . Storage consists of rocks about two inches in diameter, 
contained in a concrete bin In a basement area or underground beneath the 
building. The container is insulated on the earth sides to reduce heat loss. 
The storage capactiy should be sufficient to provide several days of winter 
heating. ' ' 

Because the temperatures in rock storage are typically highly stratified 
from inlet Co outlet » the air flow providing heat to storage should be from 
top to bottom. This Insures that the temperature of air returning to the 
collector from the storage is as low as possible i thereby Increasing collector 
efficiency. The air flow» when removing heat from storage^ should be in the 
opposite direction to insure that air returning to the rooms is as warm as 
possible. 

D istribution . The hot air distributed to the rooms comes either 
directly from the collectors or from storage. The ducting required to conduct 
the air from the collectors to storage is extensive when compared to analogous 
piping requirements for liquids-cooled collectors. Two blowers are required 
to distribute air throughout the system. 

\lmost any type of auxiliary energy system can be used in conjunction 
with a solar system. The auxiliary system may be completely separate or 
fully integirated with the solar heating/cooling system. However, in most 
cases it makes economic sense to integrate the back*-up system with the solar 
system. This may mean running the distr^'.bution cbmponent from heat storage 
to the occupied space through the auxlliaiy system where an energy boost may 
be supplied when storage temperatures are low. Heat from storage may be 
used In conjunction with a heat pump, l^he heat pump, a device which transfers 
heat from one temperature level to another by means of an electrically driven 
compressor, utilizes the solar heat available from storage to supply necessary 
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heat to the occupied space. The advantage of the heat pump/solar system 
Integration is the reduction of electrical energy required hy the heat 
pump because of heat supplied by solar storage. Also, the heat pump Is 
the most efficient device presently available for extracting and trans- 
ferring electricity Into heat. 

Piping for the domestic hot water Is ^run through the rock pile storage 
bin. As a result the domestic hot water is preheated before passings 
through a conventional water heater, thus reducing the water heater* s 
energy requirement. 

Advantages of Warm-Air Flat-Plate Systems 

1. Capital cost tends to be lower than 4 water system of the same 
capacity. <• 

2. There Is no problem with corrosion, rust, clogging or freezing. 

3. Air leakage does not have the severe consequences of water leakage. 

4. Domestic hot water supply is not subject to contamination by leakag 
from heat storage, as In the water system. 

Disadvantages of Warm-Air Flat-Plate Systems 

1. Ductwork risers occupy usable floor space and must be aligned 
from floor to floor. 

2. Air, having a lower thermal storage capacity than water, requires 
correspondingly more energy to transfer a given amount of heat from 
collector to storage, and from storage to occupied spaces. 

3. Air collectors and storage may need frequent cleaning to. remove 
deposits of dust (filters may solve this problem). 

A. Air systems require a much larger heat exchange surface than liquid 
systems. 

■ * 

Warm-Water Concentrating System 

Solar systems with concentrating collectors have not been extensively 
used foi the provision of space heating or cooling. The absence of such 
equipment from the market is one major reason. In addition the high cost 
and uncertain reliability of tracking or concentrating equipment in adverse 



weather conditions hes been another primary reason for the limited use of 
concentrating systems. However, they do offer advantages over flat-plate 
collectors— primarily the generation of high temperatures to operate heat 
driven cooling systems. 

^Representative solar' system three utilizes a linear concentrating collec- 
tor. The system Is diagrammed In Transparency 7.3. 

Component Description and Operation 

A. Collector . The collector Is a linear concentrator with a glass- 
enclosed pipe absorber. The collector captures only direct radiation and 
is, therefore, limited to climatic regions with considerable sunshine and 
direct radiation in winter. However, where applicable the linear concentra- 
ting collector offers considerable economies over flat-plate collectors since 
the necessary absorber area Is reduced and the assembly is often slnq^ler tp 
construct. > " 

The absorber pipe is a black metal tube within a glass enclosure under 
vacuum to reduce convection and radiation losses. Radiation is focused on 
the absorber by a trough-shaped reflector surrounding the Wpe* 

B. Storage . Storage consists of a steel tank or a lined concrete block 
enclosure filled with water. Again, the storage unit should be insulated to 
minimize heat loss. As with most all solar storage techniques, special 
structural support will be required if the storage tank is to be located in 
the dwelling. 

C. Distribution . The distribution system is by heated water to baseboard 
convectora. Heat is removed from storage by liquid- to- liquid heat exchanger. 
The heated water is pumped to baseboard convectors located throughout the 
building. If storage is below a preset minimum temperature, the pump 
continues to operate with a conventional oil or gas-fired furnace assist 

In the liquid distribution. 

As shown in the system diagram, collector fluid transport is by means 
of a pvimp which causes the fluid to flow through the absorber and into the 
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storage heat exchanger, from which energy is removed and transferred to 
storage. The working fluid should be a heat t,ran8fer medium which has 
excellent transport properties and a boiling point above the expected 
operating tenq»erature of the collector. - 

Domestic hot water piping is run through a heat exchanger in storase, 
thus preheating the water, before it proceeds to a conventional water heater 
which also provides storage. The water heater may or may not supply a boost 
to the water depending on its temperature. 

Advantages of Warm-Water Concentrating Svstemg 

'.. Potential for more than double the temperatures of either air 
or water flat-plate collectors (particularly useful .for solar 
cooling) . 

2. Total absorber area needed is substantially smaller than flat- 
plate collectors. 

3. Collector forms lend themselves to mass production techniques. 
A. Water requires less piping and storage space than air. 

5. Water is a cheap and efficient heat transfer and storage medium. 

Dlsadvantafi^es of Warm-Water Concentrating Systems 

1. Capital cost of collectors at present is greater than either air 
or water flat-plate collectors. 

2. Concentrating collectors may present problems of operation, reflec- 
ting surface durability, and structural mounting. 

3. Leakage at flexible absorber connections may present possible 
problems. 

A. Climatic applicability for winter space heating is limited because 
only direct radiation can be collected. 

5. Warm- Air Passive System 

The passive system described here is one possible concept among many. 
U makes use of extensive south-facing glazing with an intermediate collec- 
tion/storage wall between the glazing and the occupied space. It relies in 
P^"^*^ thermosyphonin^. Diagrammatically , the passive system can be 
represented as illustrated in Transparency 7. A. 
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Component Description and OpTatlon 

A* Collector. The passive collectott oade up of a massive south* 
facing wail of either concrete or masonry separated by^an air space from 
an outer wall of glass » captures direct » .dltfuse, and reflected solar 
radiation. With the use of automatic or. manually operated dampers and 
vents » the system may operate in four modes • 
, 1. natural ventllatlon--no collection 

2. house heating from collector 

3. storage heating from collector 

4. house heating from collector and storage 

> 

Vnien no collection or heat distribution Is required, the vents and 
dampers may be opened to provide natural ventilation and removal of heat 
striking tha collector. The space may be heated directly from the collector 
by closing the storage vent duct, thus forcing the heated air into the 
occupied space. Once sufficient heat has been transferred to the space, 
the storage vent may be opened and heated air from the collector trans- 
mitted to storage. If heat is required at a later time, the ^storage vent 
may be opened to allow stored heat to enter the occupied space. 

B. Storage , The system employs several storage concepts. The exposed 
masonry wall which the radiation strikes acts as a storage element. The 
warmed masonry surface transmits collected heat to the occupied space by 
radiation. The second storage element Is a rock pile located beneath Che 
occupied space. Insulation Is placed between the rock pile and floor surface 
to avoid overheating the space. Water or containerised salts (change-of-state 
storage) could also have been used as the storage medium. 

C. Distribution . Heat Is distributed. to the occupied spaces from the 
collector or storage con^onent. Ducting is required to transport the 
heated air from the collector to storage > and a small fan may be necessary 
to circulate this air. Heat is distributed to the space by convection from 
the collector and/or storage » by radiation from the collector and surrounding 
surfaces, and to a small degree, by cor.ductlon from the collector and 
surrounding surfaces. 
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Domestic water heating Is not directly Integrated In the solar space 
heating system. However, a storage tank c«.' the domestic hot water piping 
may be placed In the rock pile storage to preheat the water before It 
passes through a conventional electric or gas water heater. 

Advantages of Warm-Air Passive Systems 

1. A system with electrical controls can be designed to operate 
manually In a power failure. 

2. Cost should be reduced through simpler technology and elimination 
of a separate collector. 

3. Collector serves multiple functions (I.e., can be a wall or roof) 

Disadvantages of Warm-Air Passive Systems 

1. May not be cost effective relative to warm air or water flat- 
plate collector systems. 

2. In many cases, require automatic or manual insulating devices 
which are expensive and may require life style modification. 

3. Larger unobstructed area needed to the south of the house |or a 
vertical passive collector than for a roof collector. 

4. In some climates and for some passive systems, low winter sun 
angles may be disturbing to the occupants. 

5. Potential problems of occupant-privacy for passive systems with 
large expanses of south-facing glass. 

6. Potentially large nighttime thermal losses from collector if not 
properly insulated. 
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ACTIVITIES— REPRESENTATIVE SOLAR ENERGY SYSTEMS FOR HEATING HOMES 



Activity 1 

A. From the matilx below, choose components and a heat transport fluid for 
a hypothetical active solar energy system. Anticipate possible advan- 
tages or disadvantages which might be associated. with the aystem. Consider 
some systems which were not discussed in the information section of this 
unit . 



Heat Transfer Fluid 



Components Air ( Ltquid 


^ Flat-Plate Open HjO 
^ Liquid 

e 

c « ^ Linear 

t concentrating ^^^^^^^^ • 

0 

r 

8 






S 

t Water 

0 

r Rock 
a 

g Change«»o£-State 

e 






D 

1 - 

s Forced Liquid 
t (Radiation) 
r 
1 

b Forced Air 

u 

t 

i 

o 
n 







no 



B. A system is defined as a group of coioponentd forming a unified whole. 
In performing step A, above,.;, did you find that choosing one component 
restricted your choice of the other components? In your own words, ex- 
• plain why your choice might become more restricted as each coiq>onent Is 
added, ^ ■ 

Activity 2 , 

A similar matrix for components of a passive system are shuwn below. 

* Heat Transfer Medium 



Components Air y Fluid 



c 

Q South- facing windows 
< Clerestory Windows 

Trombe Wall 
g water Ponds 
^ Greenhouse 

t 

0 

r 




4* 


s 

t Floor 

0 Vails 

r Water Ponds 

a 

g 






D 

^ Convection 
^ Radiation 
^ Conduction 

U t 

t 
1 

o 
n 







Why cannot this matrix be used In a manner similar to the matrix in Activity 
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• UNIT TEST: REPRESENTATIVE SOLAR ENERGY SYSTEMS 

I 

1. Match terms with the correct definitions 

a. Heat transfer medium • Supplementary' heat source other 

, . ^ than solar. • ^ 
b. Auxiliary energy system ® 

2. A liquid or gas which absorbs heat 
readlly«»*->l8 used to <move heat away 
from the collector. 

2. A. Name and describe briefly the components of a waria-water flat-plate 

f 

system. a * 

1. . ^ : [ [ \ 



2. 



3. 



B. From the following list. Identify some advantages (A) and disadvantages 
.(D) of a warm-water, flat-plate system. Not all statements will be r 
applicable (NA) . 

_1. Leakage could be a problem. 
_2. Corrosion could be a problem. 
_3. Can use only direct radiation. 

_4. Circulation of water uses less energy than the circulation of air with 
the same amount of heat content* 

_5, Freezing is a potential problem. 

_6. Initial cost is high. 

_7. Less heat exchanger area is required than with an air system. 

_8. Piping takeii up less space than does duct work. 

_9. The reflector surface must be kept clean. ^""^^ ^ 

10. Water is a cheap and efficient heat transfer and st or ag^ medium. 



3. A. Name and describe brief]./ the components of a cWarm-air flat-plate 
system. 

!• . 

2. 



3. 



B. From the following Jist, identify some advantages (A) and disadvantages 
(D) of a warm-a^r flat-plate system. Not all statements will be applica- 
ble (NA). 
I» Leakage is not a problem. 

2. Corrosion is not a problem. v> 

„3. Only direct radiation can be used. 

^» The collectors and storage may need frequent cleaning. 
^« Cost of equipment tends to be lower than with a water system of the 
same capacity. 

__6. More energy is required tn transfer heat if air is used as the heat 
transport rjediura. 

7. Ductwc-.k requires a greater amount of space than does piping for fluids 

„8. The reflector surface must be kept clean. 

^ 9. A larger heat exchange surface is needed for air than is needed for 

liquids. \ 
10. The system does not require compile ed controls. 

A. A. Name and describe briefly the components of a warm-water concentrating 
system. 
I, 



/ 

/ 



2. 



3. 



B. From the following list, Identify some advantages (A) and disadvantages 
(D) of a warm-water concentrating colle.tor. Not all statements will be 
applicable (NA) . 

1« Leakage may present problems. 
2. The reflector surface must be kept clean. 

3. Water Is a cheap and efficient heat transfer and storage medium. 

4. Only direct radiation can be collected. 

. 5. Higher temperatures can be obtained than can be obtained with flat- 
plate collectors. 

__6. The absorber area needed is smaller than t'tat needed with flat-plate 
collectors. 
7. Ductwork must be large. 

„ 8 ' Costs could be lower because the collector forms lend themselves to 
mass production techniques. 

J' At present, concentrating collectors are more expensiva. 

Iti climates with many sunless days, the system may not be applicable. 



5. A. Name and describe the components of a warm-air passive system. 
1. 



2. 



3. 



B. From the following list, identify some advantages (A) and disadvantages 
(D) of a warm-air passive system. Not all statements will be applicable 
(NA). 

1. Automatic or manual insulating devices are expensive. 

2. Life style may need to be modified. 

3. Cost should be reduced through siiq>ler technology. 

4, Elimination of separate collector should reduce cost. 

5, A vertical passive collector will require a larger unobstructed 
area for access to the sun. 

__6. Ductwork is expensive and takes up a large amount of space. 

^ 7. Leakage may be a problem. 

8 . May not be cost-effective relative to air- or liquid-cooled collectors 
^ 9. Collector serves multiple functions. 

^10. Large expanses of south-facing glass may cause problems about 

occupant-privacy . 
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ANSWERS TO UNIT TEST: REPRESENTATIVE SOLAR ENE?«GY SYSTEMS ^ 



Answers to Unit Test 1 



A. 


3 


B. 


8 


C. 


7 


D. 


5 


E. 


1 


F. 


2 


G. 


4 


H. 


e 



Answers to Unit Test 2 

A. 1. Liquid»cooled flat-plate collectors have a flat absorbing axxria^H to 

4 

absorb both direct and diffuse radiation. The heat transfer fluid 
r is piped across the absorbing surface. 

2. Hot water is stored in an insulated concrete or steel tank. Heat f r 
the collector*" is transferred to storage by means of a heat exchange 
coll. 

3. Distribution is accomplished by pumping the hot water from storage 
\ through pipes to baseboard heaters. 

B. \ 1. D 

2. D 

3. NA 

4. A 

5. D 

6. D 

7. A 

8. A 

9. NA. 7^-,-^ 
10, A 
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Answers to Unit Test 3 

A. 1. The air-cooled flat-plate collector has a solid absorbing surface 

to collect direct and diffuse radiation. Air is pumped through the 
collector. 

2. The hot air is blown into the rock storage. The rocks are about 2 
inches in diameter and the container is insulated. 

« 

3. The hot air is pumped through ducts to the rooms. 

B. 1. A ' 

2. A 

3. NA 

4. D 

5. A 

6. D 

7. D . 

8. NA 

9. D 
10. NA 

Mswers to Unit Test 4 

A. 1. The linear collector captures only direct radiation, which the reflecting 
surface concentrates on a glass-enclosed pipe. The pipe, usually painted 
black, is the absorber. The heat transfer medium circulates through the 
pipe. 

2. The storage unit Is a well- insulated, leak proof tank for storing hot 
water. 

3. Distribution Is accomplished by pumping the heated water to baseboard 
heatets located throughout the building. 
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B, 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9, 
10. 



D 

D ' 

A 

D 

A 

A 

NA 
A 
D 
D 



Answers to Unit Test 5 

A. 1. The collector is a massive south- facing wall of masonry or concrete 
separated by an air space from an outer \>all. of glass. It will 
capture reflected, direct, and diffuse radiation (a Trombe Wall). 

2. Storage is the exposed wall, a rock pile under the floor, and other 
Internal surfaces which absorb heat radiated from the south wall. 



3. 



B. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



Distribution is by convection, radiation, and conduction. Also 
heated air is transported through ducts to storage and from storage 
to the living space. A small fan may be needed to assist natural 
means of heat transfer. 

D 
D 
A 
A 
D 

NA ^ 
NA 

D 
A 

D 
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Transparency 7«1 




Storage 



'torn AIA Research Corporation, Solar Dw elling Design Concepts , Washington, D.C, 
t^overnmer" Printing Office, May 1976* 

1 43 
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From AIA "'.dsoarch Corporation, Solar l)wellin{^^ H^^QAS". ^P^^Sy't'}--^ > Washington, i).C., 
Government Printing Office, May 1976. 



120 / .| ^ 



Transparency ?• 3 

Schematic Diagram of Warm-W>4t<»r 
Concentrating System 




Domestic 
Hot Water 



Auxiliary 
Energy Source 



Storage 
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I oM AlA Research Corporation, So lar Dwel li ng Design C oncep ts , Washington, D.C, 
Government Printing; Office, May 1976. 



121 tiS 



Trannparency 7.4 



WanirAir Passive System 
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GLOSSARY 



Active Solar Energy System - thermal energy is transported. from the collectors 
to storage and then to the distribution system in a regulated way, using 
mechanical pumps and thermal controls. 

Air- Cooled Collector - a type of flat-plate collector in vfhich air is used . 
as the heat transport medium. . 

Angle of Declination - see Declination angle. 

Angle of Incidence - see Incidence angle. 

Beadwall - a patented insulated window in. which polystyrene beads are blown . 
into or pulled out of a gpace between two sheets of glass or plastic by 
a vacuum-driven system. 

Biomass conversion - energy from the sun is stored through the process of 
photosynthesis in plants, i.e., in organic material. Chemical processes 
can be u^ed to change the organic material to simpler forms with an 
accon^ianylng release of energy. ^ 

Btu - British thermal unit, a measure of heat. 

Change-of-state - the physical form of matter changes from solid to liquid 
to gas. For example, water can be changed to a solid (ice) or a gas 
(steam). When changes of state occur, energy is either used or 
released in the process. 

Circular Concentrating Collector - a type of concentrating collector which is 
circular in shape so that the affected solar radiation is focused on an 
absorbing surface. 

Clerestory Window - a south facing window in the, wall of a room which rises 
above an adjoining roof; the window can be used to admit sola? radiation. 

Collector - the component in a solar energy system which receives solar radiation 
and converts It to heat. 

Collector-tilt - the angle measured from the horizontal at vhich a solar 
collector is tilted to face the sun for better performance. 
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Concentrating Collector a class of.. collectors which use reflectors to focus . 
solar radiation on a small area* 

Conduction - Heat flow/ through different materials at varying rates. Copper 
Is an excellent conductor of heat; insulating materials r^^e poor conductors. 
Heat transfer by conduction occurs only when two surfaces are in direct 
physical contact because ^heat transfer is caused by molecular scale vibration. 

Convection when two surfaces » one hot» the other cold, are separated by a 

thin layer of air, moving air currents are established that carry heat from 
the hot to the cold surface. In convect^ heat transfer is by large-scale 
fluid motion.' ^ ' 

Convection - when two surfaces, one ho;t, the other col<^, are separated by a 

thin layer of air, moving air currents ar^ established that carry heat from 

the hot to the cold surface. In. convection, heat transfer is by large^ 

" f 

scale fluid motion. ' ' » 

Declination angle -* the angle between the plane of the earth's rotation around 
the sun and the earth's equatorial plane 1^ a direction facing the sun. 

Diffuse radiation - the solar radiation striking the surface of the earth after 
its direction has been changed by reflection and scattered by particle* in 
the atmosphere — nondirectional rays. 

Direct radiation - direct or parallel ^rays from the sun. 

Distribution - the coiiq>onent in a solar energy sysf^em whereby the thermal 
energy in storage is made available at the point of use. 

Earth-Sunline - an imaginary line betwpen the center of the sun and the center 
of the earth. 

Energy - the ability to do work. ^ 

Equatorial plane - an Imaginary plane through the earth's equator and perpendicular 
to the north-south axis. 

/ 
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Fentistxatlon - the placement, size, and design of windows and doors In a 
building. 

Flat-Plate Collector - a class of collectors so named because of the large 
surface area exposed to the sun. 

Heat- transport fluid - a liquid or gas which absorbs heat efficiently and moves 
the heat away from the collector to storage or to point of use. Also called 
heat transfer medium. 

Incidence Angle - the angle between the line for direct rays and a line perpen- 
dicular to the irradiated surface. 

Insolation - the amount of solar radiation actually striking the surface of 
the earth. 

Irradiation - exposure to radiant energy. 

Latitude « the angular distance noiuh or south from the earth's equator measured 
through 90°. 

Linear Concentrating Collector - a type of concentrating collector, oblong in 
shape, which, focuses the reflected radiation onto a tube through which 
the transport pedium Is circulated. 

Liquid-Cooled Collector - a type of flat-plate collector in which the liquid 
used as the heat transport medium, is piped through the collector box. 

Nonrenewable energy source - a substance found in nature which cannot be 
replenished and which ..an be used to obtain energy in some ferm. Coal, 
gas, uranium are examples of nonrenewable energy sources. 

Open-water collector - a type of flat-plate collector in which the heat trans- 
port medium, usually water, is trickled down grooves rather than piped 
through the collector. 

Passive Solar Energy System - heat is transported by natural means, and the 
components are typically integrated into the basic design of the dwelling, 
so that few, if any, mechanical devices are needed in the system. 
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Photovoltaic - direct conversion of the sun*s energy to electricity. 

Radiation - any object which is warmer than its surroundings transmits heat 
waves (similar to li.ght waves, but invisible) and, thus, emits energy. 
Heat transfer occurs by photons. 

Renewable energy source - a substance which occurs in nature and the supply 
of which cannot be depleted by use. 

Solar Altitude - the angle of elevation of the sun above the horizon. 

Solar Azimuth - the angle on a horizontal surface which measures the difference 
between the direction of a fixed point (e.g., true south) and the direction 
of the suh. 

Solar Constant - the amount of solar energy striking the outer atmosphere of the 
earth varies only slightly and can be treated as a constant. 

Solar Energy System - a grouping of parts designed to use energy from the sun. 
Hie parts, or components, are the collector, storage, and distribution. One 
or several components may themselves by sub-systems, i.e., systems within the 
system. 

Solar Noon - that time of day when the azimuth angle is 0^, when the sun is due 
south of an observer. 

Storage - the component in a solar energy system whihc retains th solar energy 
which has been collected for later use either at night or on cloudy days. 

System - a regularly interacting (or interdependent) group of components 
forming a unified whole. 

Thermal pollution - the discharge of heated waste into the natural environment 
at a f<»mperature detrimental to existing ecosystems. 

The rmosy phoning - the principle that heated gasses and liquids rise naturally 
has been applied as a means of heat transport in passive solar energy sys- 
tems. Heat built up within a wall or roof structure can be drawn off to 
heat interior spaces. 

I2h ^^0 



Transmlttance - the fraction of solar radiation which having entered a layer 
of absorbing materi^l^ flows , to Its fuc-ther boundary. 

Trorabe Wall - a type of passive colle<itor which makes use of a massive masonry 
wall, painted black and placed behind a south-facing wall of glass. Air 
trapped between tha wall and the glass is heated, moves up over the 

wall and into the interior space. 

t 

Watts a mpasure of power in the metric system ( e.g., a 25-watt light bulb). 



/ 

/ 
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other related publications 
from the Wisconsin Vocational Studies Center 



/ 

INTRODUCnOflit TO ENERGY Posthuma and Stephey 

- A nine lesson Introduction to Energy with 23 coordinated activity 
masters, behavior?! objectives, glossary, and an annotated bibliography 
of resources. il4 pages. $6.50 a k j 



ENVIRONMENTAL EDUCATION Lambert Stray and Kronebach 

- A comprehensive bib! iography' peveHng such topics as General Environ- 
ment Education, General Ecology, Natural Resources, Energy, Land Use, 
Pollution and others with an Appendix on Audiovisual Material Sources. 
37 pages. $3.00 ' 

<» 

/ 

for further information contact: , j 

WISCONSIN VOCATIONAL STUDIES CENTER 
96A Educational Sciences Building 
1025 West Johnson Street 
University of Wisconsin-Madison 
Madison, Wisconsin 53706 

608-263-3696 



Transparency Masters 

for use with 

UNDERSTANDING/ SOLAR ENERGY SYSTEMS 
Instructional Modules 



by 

Everett Edlngton 
Laurie Keaton ' 
New Mexico State University 

and 

Merle Stephey 
Paulette Stini 
Wisconsin Vocational Studies Center 



published by 

Wisconsin Vocational Studies Center 
964 Educational Sciences 
1025 W. Johnson St. 
University of Wisconsin-Madison 
Madison Wisconsin 
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1. SOLAR CONSTANT " 

THERE IS A NEARLY CONSTANT AMOUNT OF 
SOLAR ENERGY STRIKING THE OUTER 
ATMOSPHERE — 429 BTU PER S F PER HOUR , 
— ANDJHIS QUANTITY IS KNOWN AS THE 
SOLAR CONSTANT ' • 

NOTE 

You .cannot increase the amount of solar energy 
striking a collector of a given size by focusing You 
may. increase the collector's efficiency, or the 
temperature of the working fluid 



AlA Research Corporation, S^oJ^r ^JiSl^AlLia ^g slgn Concepts , Washington, D,C., 
r.overntnent Printing Office, Ma;, 1976. 



ERIC 



IS4 



• 



Transparency 1.2 



# 



• 

• * c 

• 

• • 

• 

• 

• • • 


• 

• 

• • • • 
• 1 • « 


• \ 




• 


• • 


• 

r. •• • « 


• 

• 

• 

• . .* 

^ M A ^ . 


• 

• 

• 

• • 

• 

• . • • 


• 

t 

t 

t 

t 


• 

• 

• 


• • 

0 • 
• • • 


• 

• 

• 

• 

• 


\ 



4. ABSORPTION AND REFLECTION 

NEARLY HALF THE SOLAR RADIATION ENTERING 
THE EARTHIS ATMOSPHERE IS LOST THROUGH 
ABSORPTION BY MATERIAL IN THE ATMOSPHERE. 
OR BY REFLECTION FROM, CLOUDS 



AIA Uoscnrch ilorporaf. Ion , ^?j>J./U Dwelling Dt^si^n Conr gins, Washington, D.C, 
(Jovurnment Print in.: Office, May 1.976. 
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6. DIFFUSE RADIATION 

CLOUDS AND PARTICLES IN THE ATMOSPHERE 
NOT ONLY REFLECT AND ABSORB SOLAR ENERGY, 
BUT SCATTER IT IN ALL DIRECTIONS BECAUSE OF 
THIS, SOLAR ENERGr IS RECEIVED FROM ALL 
PARTS OF THE SKY — MORE SO ON HAZY DAYS 
THAN ON CLEAR DAYS SUCH RADIATION IS 
CALLED DIFFUSE. AS OPPOSED TO THE NORMAL 
C//?£Cr RADIATION 



A KvskwtcU Corporation, •^j>^i/^r 1^^^^} HJ^uj^^ !)f s i Cou cepts , Washinw^ion, D.r.., 
c:<Wi:»rnmont Printinn Office, May 197h. 
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5 LENGTH OF TRAVEL THROUGH THE 
ATMOSPHERE 

MORE SOLAR RADIATION IS LOST BY ABSORPTION 
AT LOW SUN ANGLES BECAUSE THE LENGTH OF 
TRAVEL THROUGH THE ATMOSPHERE IS GREATLY 
INCREASED (THAT IS WHY YOU CAN LOOK 
DIRECTLY AT THE SUN AT SUNSET.) HIGH 
ALTITUDES HAVE MORE SOLAR RADIATION FOR 
THE SAME REASON 



lA Res n\:h Coa porat iun , ^Ly; LXvell ing Dos i^n C onceptis ^ Washington, H.C, 
.vernment Printing Office, May I976« 
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2. COSINE LAW -^-HORIZONTAL SURFACE 

LESS SOLAR RADIATICN STRIKES A GIVEN 
HORIZONTAL AREA AS THE SUN GETS LOV,/ER IN 
IHE SKY THE AMOUNT CHANGES BY THE COSINE 
OF THE ANGLE, MEASURED FROM DIRECTLY 
OVERHEAD- . - 



AIA Kt»st\nrh C^^rporat i on , ^^o^ljir IXvo 1 1 in^ l)i\s ij^n Ccm^e^s , Wash' D.L., 
(U>vi>rnmtMU Printing; OfCicts May 1970. 
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3. COSINE LAW — TILTED SURFACE 

THE SAME LAW APPLIES TO A TILTED SURFACE, 
SUCH AS A SOLAR COLLECTOR BY TILTING THE, 
COLLECTOR SO THAT IT IS MORE NEARLY 
PERi --.NDICULAR TO THE SUN, MORE ENERGY 
STRIK[^S ITS SURFACE 



AlA Resu.irih Corporation, Solar nwUlng IXsjan U oncept -s. Washlni;tou, D.c, 
Government Printing Office, Mav 1976. ~ 




AIA Research Corporation, Solar Dwelling Desig n Concepts , Washington, D.C. , 
Government Printing Office, May 1976. 



ARCTIC CIRCLE 

TROPIC OF CANCER 

(Ldt 23 N ) 

EQUATOR 

TROPIC OFXAPRICORN 

(Lat 23 5^5) 

ANTARCTIC CIRCLE 

SOUTH POLE 

MARCH 21 



Transparency 2.2 



NORTH POLE 







JUNE 21 



SEPTEMBER 21 



DECEMBER 21 



AlA Research Corporation, Sola r D welling Design Concepts , Washington, D.C., 
Government Printing Office, May 1976. 
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AIA Research Corporation, Solar Dwelling Design Concepts , Washington, D.C., 
Government Printing Office, May 1976t 
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/ ABSORPTION AND RERADIATION COLLECTED HEAT 



REFLECTION 



INCOMING SOLAR RADIATION -^^^fe.,^ 



ABSORPTION AND RERADIATION 




COVER SHEET(S) 
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ABSORBER 
INSULATION 
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FROM ABSORBER 
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Diagrammatic Section through Flat-Plate Collector 



Al.\ Research I'-orporation, Solar Dwelling Design Concepts , Washington, D.C, , 
(lovet'nment 1 fin ting Office, May 1976. 
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Schematic Diagram of Warm Water 
Flat Plate System 




Domestic Hot Water 



Auxiliary 
Energy Source 



Storage 
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Schematic Diagram of Warm -Water 
Concentrating System 
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Schematic Diagram of Warm- Water 
Paaaiva System 



Transport 



Collector 
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Instructional Resource Materials on 
Solar Energy and the Environment 



UNDERSTANUING SOLAR ENERGY SYSTEMS 

L* keaton and Z. Edlngton, New 
Mexico State University 

M. Stephey, Wisconsin Vocational 
Studies Center, U/W-iladison 

Topics: 

Unit I Using Solar Energy 
Unit II Locating the Sun 
Unit III Solar Energy Systems 
Unit IV Collection 
Unit V Storage 
Unit VI Distribution 
\}ni\ VII Representative Solar 

Energy Systems for 

Heating Homes 

Understanding Solar Energy Systems is 
designed as a post-secondary module, 
v;ith a general introduction to solar 
energy and specific, comprehensive 
units focusing on residential appli- 
cations and use of solar energy. It 
is useful as a ;>eneral course or as a 
suppIeiTPnt for real estate agents, 
homeowi - • s or those in the building 
trades. 

Feature s : 

-Unit tests » assignmentr^ and answers 
-Keyed vocabulary and glossary 
-Behavioral objectives 
-References 

-2 1 Lrannparenoy masters 



INTRODUCTION TO ENERGY 

F. Posthuma, Westfield High School, 

Westfield, Wisconsin 
M. Stephey, Wisconsin Vocational 

Studies Center, U/W-Madison 



Topics : 
lesson I 
Lesson II 
Lesson III 
Lesson IV 
Lesson V 

Lesson VI 
Lesson VII 
Lessoil Vm 

Lesson IX 



Orientation 
Overview and Safety 
Energy Model 
Energy Dilemma 
Efficiency of the Energy 
Use in the U.S. 
Conservation 
Present Resources 
Pollution ar^d t^e 
Environment 

Alternative Sources of 
Energy 



131 pages 1978 Edition $7.00/copy 



^ Tliese lesson plans were designed by a 
Vocational Education teacher as a general 
secondary level introduction to energy, 
its uses and its conservation. Many of 
the lessons have assignments and keyed 
references . 

Features * 

-Explanatory background 
-Glossary 

-Annotate^ bibliography of resources 
-Behavioral objectives ke./ed to each 

lesson 
-23 activity masters 
-4 ciicirts 

114 pages 19/8 Edition $6.V'7c()py 



ENVIRONMENTAL EDUCATION BIBLIOGRAPHY 

R. LainJ)ert, G. Strey and 
Kronetach, Wisconsin Vocational 
Studies Center, U/W-Madison 



Topics : 

I..'' General Environmental Education- 
Humanities, Mathematics, Physi- 
cal Sciences, and Social 
Sciences 

2. General Ecology-Humanities, 
Physical Sciences, Social 
Sciences 

3. Natural Resources 

4. Energy • ^ 

5. Land Use 

6. Pollution 

7. Solid Wastes 

8 . Populat ton 

9. Economic/Social/Cultural En- 
vironment 

Along with hundreds of sc\i.ces of 
environmental Information, this 
bibliography also includes: 

Appendix I Wisconsin Nature 

Study Centers 
Appendix II Audiovisual Materials 

Sources 
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Quantity 


Price 


Total 


Unuerstandlng Solar Energy Systems 


~- ■ ' ' 






inLrouuction co cincirgy 








. Environmental Education Bibliography 








TOTAL 









All orders under $5,00 will be assessed a $2,00 handling fee . 



WISCONSIN VOCATIONAL STUDIES CENTER 
UNIVERSITY OF WISCONSIN-MADISON 
964 EDUCATIONAL SCIENCES BUILDING 
1025 WEST JOHNSON STREET 
MADISON, WISCONSIN 53706 




Non- Profit OrR, 

PAID 
MadisoHft Wis. 
Pemit No. 658 




Khools. AIA publications include tht 1 56 p«O0 energy 
C0nt§r¥$tfOrt ki Btiiklfng Dmian (Cat. No. 4HC20t« 
SS.OO) Mhich daieribts opificmnWm for cbmtrving en* 
trgy through buHdinfl d«f K|n: th« 183 paot €n§r§^Con- 
§§ryMtiotf (n fiuMingi (Cat. No* 3Mt84,^20.bO} whkh 
approachat tha $ub|acf of anarty coniumptibn in aco- 
^yMmie at mW at tachnical tarmt , chlng f inahclal« politic 
^^■al ami tax ohitaetai; and tha 124 paga A^ai«^ D§Mi§n 
^Concajplt /o/ £#)#«K Cowrfkig BuikUn9$ (Cat. No. 

4RC210. $0.95) which faaturat 1 2 antriai of dtttinc- 
^ tion from thu Enargy Contcioui Oasign itudant com* 
paUtioAhaldin 1976. 



NATIONAL SCIENCE TEACHERS 
ASSOCIATION (NSTA) 

1742 Connecticut Ave., N.W. 
Washington, DC 20009 
Tetaphone: (202) 2654150 
Contact: John M. Fowler 

NSTA hat many haipf u) anargy-ratatad matarialt tor 
tha clanroom. Many of thata could be uMd to gaoarate 
enargy tavLng idaaa for tchoolt« A naw bimonthly nam* 
(attar, Energy §nd education, wat begun in October 
1977* This ne^tattar it concerned Mith the proceit 
through which energy related poiitlcst, toc!el« economic, 
and anvironmantai itsuai era translated Into clavroom 
activities. Subscription raquaits for this free newsletter 
should be lent to Mary T. McGuIre at tha NSTA ad- 
dress. Also available from NSTA era the En$f^*En¥i* 
fonment Source Book ($4.00) which providaa back- 
ground Infor^mation for teachers; Energy'Snyfronmmit 
MaterMi Gukfe ($2.00), an annotsted-blbliography of 
materials for teachers and graded student readir^ lists; 
and EnergyEtwironmrntt Mini-Un^t Goido ($3.00), a 
collection of sample student ectlvities for grades K«1 2. 
The publications are available from tha NSTA oif fte. 

The publication Award Win.ilrtg Energy tducMtion 
Activities contains brief descriptions of tha winning en- 
tries to the NSTA Teachers Pertlclpatton Contest in 
Spring 1976. Nineteen NSTA Feet Sheets on Ai^rnetive 
Energy $oarce$ and a series of inrerdiseipiinery Student/ 
ITeecher Meterleli in Energy, the Environment, ^nd the 
^Economy are also available from ERDA Tachnical ln> 
formation Center, P.O. Box 62, Oak Ridge, TN 37830. 



Other resources on this toptc may be obtained 
by contacting RRS at Tha Center for Vocatioitb< 
Education. Telephone: (614)486-3666 



The Reeourca 8i Rafarrat Service part of the 
Research ft Oe^topmam £»changa which is 
sponsored by the National Inetituia of 
Education^ Washington, D.C. 20208. 
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_ RESOURCES 
FOR 

SCHOOL ENERGY NEEDS 

ENERQYUNE 

Gnvironnnental information Center,lnc.(EtC) 
292 Midton Avenue 
New York, NY 10047 
Tetcj^r^e: (212) 949-9482 ' 
Contict: Devid Smith, Okector, , * • 
Information Servicai 

Etc is one of the world's fareast Independent 
clearinghousees for enargy'and environmaintal infor- 
matton lervins nnore than 8000 clients In 50 nattons< 
EIC's databaaa of iournal aiticlM, conference pipers, 
hearings, monoflraphs, reports* special studlas/itatis- 
tics, and t)ooks is continually upc(atad. The informa> 
tion Is indexed, abstracted, mierof ilmedit end stored 
for computer retrieval by EtC and laecceeied throueh 
a variety of reference products end services. The 
database is online thmueh the commerclel computer 
retrMvat vendors of Loclchaed DIALOG end SDC 
^ORBITt the current yeertioofc/reference series, end 
^Ens,^/ §nde». Profiles of 3000 Federel end state 
eganctes, professional and trade organlsetlons, corpo- 
rationa, end 10,000 individuals are evailable through 
The Energy Directory, Ertergy Directory Updete, 
and NERiS (National Enargy Referral and Informe* 
tion Systems) magnetic tape servicei 

EDUCATIONAL FACILITIES 
LABORATORIES (EFL) 
850 Ttiird Avenue 
New York, NY 10022 ^ 
Telephone: (212) 751-6214 
Contact: Alan Green, President 

3000 Sand Hill Road 
Building 1, Suite 120 
MenloPark,CA 94025 
Telephone: (415)854^2300 
Contact: EFL California Office 

EFL hai one niajtr publication on enargy avail- 
able. The Ecortomy of Energy Conservation in Edu* 
ticnef Feciiities (1973, $2.00> from the New York 
address. In addition, several reports and newsletters 
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dsaHng wltH planning for entrsy and ontrgy conserva^ 
tion ire availabte, including Bi^frgy wnd EdutBtionBl 
f$ciHtt0s Costs and Conwvamn imd Smrgy Cohmr- 
vBUon ^nd the Building SbUlL Schoo^ay$^ it • fret 
newtlttwort financiny, pJanning^dwignjttg^indrfinovav 
tinji school faciNtits. 

« CaHfornlft office offers the Public Schools 

' Efier«v Cotnervatton Service (PSECS>, The PSECS Mill 
provide a lurnmsry report on erwrfiv consumption for 
each tchooi, a }elf-help audit, and a capital audit thet 
ideiitlfief capttel modifications and cost/benefits of 
these modifications. All reoorts are bavd on informa* 
tion tubmittad to PSECS l^y an anrofiins school district 
on forms provided by PSECS. The fee is $30 par ale* - 
mentary school and $50 par secondary $chool. 

Unitad States Of f fca of Education 
ENiRQY AftfO EDUCATION 
ACTION CENTER (E&EAC) 

Suitfl 514^ Rapoiiar's Building 
300 Sivanth Street. S.W. 
Waihiftgton, DC 20202 
Telephone: (202) 4727777 
Contact.' Witton Anderson 

The Energy and Education Action Center will coor- 
dinate aiienerQy-related education activities among Fed- 
eral aganciei. Th» Center will serve as a clearinghouse on 
energy and education; give schools technical as^stance 
on eneriv standards, projects and funding source^rain 
energy, environmental and related personnel at all edu- 
cational fevels; and support education projects through 
state and local agencies, higher education institutions . 
an^ school systems. * 

PLUMBINQ-HEATING-^COOLING 
INFORMATION EUREAU (PHCIB) 

35 East Wacker Drive 
ChicagoJL 60601 
Telephone: (312) 372 7331 
Contact: James E. Purnell 

An organi/utron of oyer 1200 manufacture* s and 
their r^r^^ontatives, wnblesaters, contractofs, and labor 
i>ersonnel in the plunibing heati^ig-cooling industry. It 
maintains a clearinghouse for consumer inquiries, and 
put)lishes educational materials on the industry for con* 
sumers, school builders, architects, and engineers. 
PHCIB can respond to inqu'ries on energy and water 
conservation. 



COUNCIL OF EDUCATIONAL FACILITIES 
PLANNERS, INTERNATIONAL 

29 W. Woodruff Avenue 

Colunrtbus, OM 43210 

Telephone: (614) 422-1521 

Contact: Ednnpnd t^eBtanc. Energy Dir^^tor 

One of this orgcniiation's meior publications on ^• 
energy is the En^fgy -Sourcebook for Educational Pacfti- 
ti9i. Chapters include "Conservation Guidelines/" 
"Energy Conscious Design," "Cost/Benefits of Con- 
servition/' "Programming Energy Management/* and . 
"Auditing Enargy Manaoement/ The Council also 
publishes a sarin caMed the Educational facilities 
f>iga$t Each digest* 4*8 pages, includes a brief review 
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of a topic, foltowod by an extensive annotated biblto* 
graphy^ appropriate titles are Energy Comanfa* 
tidn (ED 1 2S B53) and 8u tiding Renovation and Mod- 
ernitatlon (CO 131 522). Copies are available for $1.50 
each from the Council or on mtcroflche from ERIC 
Document Fteproduction Servicei P«0. BoxJOQ^ArUng* 
ton.VA 22210. 

AMERICAN SOCIETY OF HEATING, 
REFRiQEnATING, AND AlR-CONPITIONING^ 
ENGINEERS JNC. (ASHRAE) y 

United Engineering Center ^ ^ 

345 East 47th Street * ' . 

New York, NY 10017 

Telephone: (212) 6447946 

Contact: Nicholas A. LaCourte, Manager of 

Standiirds * 
* ASHRAE is cQrreptly working on a series of publica* 
tionii on Energy Conservation in Existing Buildings. 
ASHRAE Standard fOO,SP: Enargy Conjteryatton in 
Existing Buifdingsr-imtitutional is currently undergo- 
ing a revision of the first draft. The second draft will be 
available in January 1978. ASHRAE Standard m.6P: 
Enargy Comarvatioh for Existing Buildingt'^Pubtic 
AMmbiyi m\%\\X also be appropriate since it Includes 
stendards for largi assembly halts (gyms, auditoriums, 
etc.). Appropriate articles appear in xha ASHRAE 
Journai. ! ■ 

AMERICAN ASSOCIATION OF SCHOOL 
ADMINISTRATORS (AASA) 

1801 North Moore Street 
Arlington, VA 22209 
Telephone: <703) 528-0700 
Contact : Sharon «Ford, Publication^ 

AASA has four publlGattons In this area. School 
Energy Crisis: Problems and Solutions ($8.95> pub- 
lished in 1977, is a comprehensive special AASA Criti- 
cal Issues Report on the impact of America's energy 
crisis on schools and school budgets* It includes tips 
from the field on what practitioners are doing to cope 
wvith declining resources, spiraling costs* and alternative' 
sources. Energy Conservation and the Schools. ERIC 
Abstr^act Series No. 35. a 1976 publtcation ($2.00). cltc^^ 
24 sources in Hs 10 pages. To Ra Create a School Buil^^m 
ing ($10.00). is a 123 page document published in 1976^^ 
which explores the when's. why's, and how's of refitting 
obsolete or surplus facilities to meet new enrollments, 
energy, and space needs. Saving Schoolhouse Energy 
contains a year-long comprehensive engineering analysis 
of 10 "representative" elementery schools located in 
various parts of the country. It also contains some spe- 
cific suggestions for school admlr^istrators on how to 
make cost-effective building modifications to save 
energy. 

AMERICAN IfMSTITUTE OF 
ARCHITECTS (AIA) 
1735 New York Ave.. N.W. 
Washington, DC 20006 
Telephone: (202) 785-7300 
Contact: David Bullen. Executive Director for 
Energy Programs 

A professional society of architects which sponsors 
several educational programs with schools of architec- 
ture, graduate students, and elementary and secondary 
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$S$ NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER 

So«'?.jLf MO joasn CAU TOLL f RBE (SOOl S»»» 

DC 13? 

BIBLIOGRAPHY ON EMPLOYMENT IMPACT OF SOUH ENERGY edition 

March 1978 

tntrgy. Jobs and the Economy ... S. Uitner; Solar Age 2(9):14-16, Sept. 1977. 

Impact of Solar Energy and Con servation Technologies on Emolovment . . .S. Laitner; 
Critical Mass. P.O. Sox 1538, Washington DC 20013, May 1976T | 

Jobs and Energy... R. Grossman & C. Daneker; Solar Age 2 (9) :8-14 ,/Sepc . 1977. 

Jobs from the Sun. ..California Public Policy Center, 304 S. Broadway, Rooo 224. 
Los Angeles a 90013. Feb. 197^. 

Occupational Impact o£ Solar Energy. . .Maaflaehti«»«>..e«, nr^np^r^^n^: Information System. 
60 William St., Wellesley HUl MA 02181, 1977, $1.50. 

Solar Enerjgy.! Potential Powerhou se for Jobs ...T. McCallion; Worklife (2):3-.6. Aut. 
1576 (Worklife Magazine. 601 D. St. NW, Washington DC 20211)1 ^ 

Strategic laolicatio n of Solar Energy for Epplovser.t- of Sheet Metal Worker s 
Stanford Research Institute, Menlo Park CA 9^.025, June 1975. (Prepared ' fo- 
the Sheet Metal Workers International Association) . 
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HOUS.^rAi!n m^jr^I c ^""^ '^^'^^^L.N .NSriTUre RESEARCH u-»80HATOR.6S FOR TH6 US DEPARTMENT OF 
KnS?oT. r^NTPr.^^^^^ ^"^^ OePARTMENT Of ENERGY. THIS LIST CONTAINS NAMES THAT VVfiRS 

*.JiI«!M^^I ^ ^""^ ^""^ °' PWiNTING, SINCE THE CENTSR DOSS NOT l-VAUJATE PRODUCTS OR SERVICES 
ERIC o7si";Ro' T PcpTn?.'' c-NDORSSMENT. NOR DOHS TH6 A8S.NCS .ND.CAT 6 

Ol$AI»PnoVAL. PERIODIC UPDATES AftE AVAILA8L6. IF YQU WISH TO 36 UST ED. PLEASE CONTACT US. 
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\^:t NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER 



P O BOX J60/ CALL TOLL FREE 1800) 523 2929 

ROCKVtLir.MU mftO IN PENNSVLVANIA CAUL (800) 462 4383 



SOl.AU ENERCY MARKET POTENTIAL AND PROJECTIONS BIBLIOGRAPHY 

CONVENTIONAL AND SOLAR HOME HEATING AND COOLING SYSTEMS .. .Predicasts Inc., 1 1001 Cedar 
Ave., Cleveland OH ^/♦lOfi, Dec. 1977, Order No. 151, $535.00. 

INVKSTINf; IN SOLAR ENERGY-. . .MerrUl Lynch, Pierce, Fenner and Smith, One Liberty 
Vlnzii, New York NY 10006, 1975, 8 pp. 

INVES'I-MENT POSSIBILITY OF FINANCIAL INSTITUTION.^ IN SOLAR HEATING...?. D. Twonibly; - 
R<'pi- ^1 f'B 239 756/OGA, June 1974. Available from NTIS - $4.75. (See List of Sources) 

\ 

MARKET CAPTURE POT.'iNTI/vL OF SINGLE VS MULTI-STRUCTURE SOLAR ENERGY SPACE CONDITIONING 
SYSTEMS... H. C. Peturson, Utah State University, Logan, Utah 84321, Jtn. 1976, 82 pp. 

MARKET STATISTICS AND FORECASTS ... In : Survey of the Emerging Solar Energy Industry . \ 
by. r. A. Bcruny, pp. 214-225; Solar Energy Information Services, P. 0. Box 204, 
San Mateo CA 94401, 1977, 395 pp, $60,00. 

SIMMERINC SOLAR HEATING MARKET AWAITS COST-EFFECTIVE PRODUCT. . . Enginee ring News 
Ref or«l l^HCH) :20-:'4 , 1977. 

SOLAR COLLECTOR MANUFACTURING ACTIVITY, July- December 1976. . .Federal Energy 
A<linlMim r.it i'-ii; Ri-pt , N.>. PB 266 985, Available from NTIS, $1.40. 

SOLAR KNKRCV: AN INDUSTRY IN SEARCH OF A MARKET; . . Energy 1(4):12-15, 1976. jr 

Sol.AR Ir'NLKCY - A MAKKKTING OUTLOOK ... So l.Tt Energy Industries Association, 1001 ^ 
C.^iim-i ( i. lit Avi' NW, W.Tsli iinU'in DC 20036, Reprint, 1977 , 12 pp, $2.50. 

SOI.AK i:ni:ki.V: a KKAl.fSTli; SOURCE OF I'OWFK . . fBus Inoss Communications Co., 171 
(.lrMl.ro..k Kd., Stamford CI' 0^906, Jan. 1977, 94 np, $525.00. 

SOLAR HI-ATINi.^NO P I K IN SKY FOR SIM-.C [ALT 1 1- S . . . Qiomi ca_l_ We_ek 121(12) :54, 56, 58, 1977. 

SOLAR IMi'Ac! ANALYSIS 1 A\'li ! i ... I', (ut-fd i i^'.s of t tu' 1977 Annual Meeting, American 
^f't i'Mi .'t Uu' i nt crn.it ion.i 1 Solar Ent'rj;y Siuietv, Orlando FL, June 6-10, 1977, 
I. S,'. ( iiMi-; ,'K ,iiul ."1. CompU'tc pn^rofd i np.s .wailablc from: Amer. Section, 
ISFK, \nn St iif Kd. .fV-l , Cap.' Canaveral Fl. 1:^20, $4S.00. 



er|c 



5: 

SniAR V'K:y\< makkI.T: Ki SI AKni AN'O OKVr.LDPIillNr IKENDS. . .Kro^U aiul Stilllvcin, Inc., 
lOh lult.^M S! . , \\'w Ynrk NY 100^8, Kept. Ni>. 197"., $500,00. 

SOI.AH SI'ACl., 1101 WA'll.K. AMD SWrMMTNu V00\. ilKAlINf MARK KTS . , , Rdbor t K. Do I.i Rue 
Ass.^ i.it f. . r. (). P.i)x .m;o, S.inl.i CLu-.i CA PSOSl^ Fob, 1977, $?30.00, 

iWKNrY-FOl.D INCklASK lM<I,niv:TKl) FOR SOLAR HF.ATINc; OVKR NKXT NINF YFARS , , . I hu^ 
1 it'll-. !tw'.. PuMir Rrl it iiMi.s l)e[U, Acom Park, CamhruiRi- MA 021^^0, 
Prt'^.s Kc!«.M'>i-. Pri . I'Hh, 0(11 )H 

f ^ . ?n(! Fd i t ic>n 
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HuiiSiNi . A?>ji) .iMhA\ {i« V I I . M AN' ) Tin 0^ l-'A^U Mt- N I OF f H(', Y T HIS LIST COM AIN:^ NA.\h THAT Rt 
KNt >WN t n t 14^ M M ( n A I i mj .AM f M rniN J iNi . SINU IMl- (..t N I t- KDOfc N NO \ fc VALOATL ^'MQUUC* I S : Si HVICL.S 
»n AIMM aHaNi I ('I NAMI S f Hr^ : iSt OOlS NOI INOICATt bNOORSEVfeNT NOROOESTr. AB::iENO ll\J[)K:Art 
fMSAiMMUjv.'Al PlhlOnir i in pA S /uU AVAIl ABl F IF YOU WISH TC BE LISTED. P(.EASL CONTACl US 
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ANALYSIS OF POLICY OPTIONS FOR ACCELERATING COMMERCIALIZATION OF SOLAR HEATING AND 
COOLING SYSTEMS.. .R. liezdek et al; Rept. No. TID 27597, April 1977, 467 pp. 
Available from U. S, Dupartment of Energy, Technical Information Center, P. 0. Box 
62, Oak Ridge TN 37830.. 

. APltlCATION OK SOLAR TECHNOLOGY TO TODAY'S ENERGY NEEDS... U. S. Congress, Office of 
^ Techt.»ology Assessment, Washington DC 20510,. June 1977. 

AN ASSESSMENT OF SOLAR ENKKGY AS A NATIONAL RESOURCE...?. Donovan et al; NSF/NASA 
Solar Enurgy Panel, Rept. No. NSF/RA/N-73-001 , 1973, 80 pp. Available from 
NTIS, Kept, No. PB 221 659, $5.00. . 

CONSUMER DEMAND ANALYSIS: SOLAR HEATING AND COOLING OF BUIIOINGS. FINAL REPORT... 
Energy Research and Development Administration; Rept. No. COO-2598-1, 1977. 
Avail ah If from NTIS - $8.00. 

AN ECONOMIC ANALYSIS OF SOLAR WATER & SPACE HEATING. .. Energy Research & Development 
Administration; Stock No. 060-000-00038-7, Superintendent of Documents, 
Government Printing Office, Washington DC 20402,, Nov. 1976, 26+ pp, $1.85. 

ECONOMICS OF S0IJ\R HOME HEATING... W. D. Zchulze et al : U. S. Congress Joint Economic 
CumjTilt tee, Hearing and Study; Hearings - Stock No. 052-070-03979-5 - $.85; Study - 
Stock No. 052-070-03968-0 - $1.35; Superintendent of Documents, Government 
Prliiting Office, Washington DC 20/02, March 1977. 

EVALUATINC; INCENTTVKS FOR SOLAR HEATING... R. T. Ruegg; Rept. No. NBSIR 76-1127, Sept. 
1976. Available .roin: C. ['armen, National Bureau of Standards, Washington DC 20234. 

POTENTIAr, ECONOMIC IMPACT OK SOLAR HEATED RES7DENCES IN ILLINUG 1976-^000 .. .D . Z. 
Pogiiny and J. E. Dnhwo ;dy ;' Illinois Dept. of Business & Economic' Development, 
Dlvtsl.in of Energy, 222 S. College St. Springfield IL 62.706, 102 pp, Sept. 1976. 

S().UR IvNERCY IN AMERICA'S FUTURE: A PRELIMINARY ASSESSMENT ... Energy Research and 

Uovolopmeni Admliistrat ion ; Stock No. '060-000-00051-4, Superintendent of Documents, 
Government Printing Office, Washington DC 20402, March 1977, 104 pp, $2.00. 

SOLAR HEAT INC AND COOL INC ... ,1 . R. Wlll.^ams and C. S. Chen; In: Solar Ene rgy for 

A^A^M A.«sej?sm^^^^^^ edited by H. J. Killian et al; Chapter 5.' American 
Instltutf of Aeronautics aprd Astronaut ios , 1290 Avenue of the Americas, New York, 
NY 10019. , - 

SOIJ^R HFATINc; AND COOLINC: AN ECONOMIC ASSESSMENT .. .A . E..McGarlty; National ience 
F iind.iM.-n: Stnck No. 0 3S-000-00 300- I , GoVernmen Printing Office, Waahinguni DC 
:(UA)\ I'Wh. 53 pp, $1 .^0. 



A.li! i I iiM.il Soiir, t's_ of I nf ormaf hill 

SOLAK HNCINCK.KING, Dei emlu>r 1977 issut' ccntains several articles and itetns on invt.sting 
In s'^l.ir. Sol'ir F.nv. inetT i ng Pvih 1 1 slio rs , Tnc . , 8435 N. Stemmons Freeway, 
Siiltr 880, |\ill,is TX 7^2/47, Monthly. $I5.00/yr. 

SOLAR hNKRiiY STOCK LKTT hl< , Richard N. Livingstone, *^ditor, 13 Kvergioen Rd . , Hampton i 
Nil 03>.M2, Month) V, .00/ vv . ' 
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BIBLIOGRAPHY ON PASSIVE SOLAR ENERGY DESIGNS AND SYSTEMS 



DC 120 

January 1978 



Bo_okB« Reports. Proceedin gs - 

AMERNATIVE NATURAL ENERGY SOURCES- IN BUILDING DESIGN... A. J. Davis and R. P. * 

Schubert; Passive Energy Systems, P.O. Box 499, Blacksbi- -g VA 24060, 1977, $7.00. 

DESIGN WITH qLIMATE...V. Olgyay; Princeton University Press, Princeton NJ 08540, 
1963, $28.50. • • ; • * 

DESIGNING AND BUILDING a'sOLAR H0ME..'.D. Watson; Garden Way Publishing^ Charlotte 
VT, 05445, 1977, 240 pp, $8.95. 

HOW TO USE SOLAR ENERGY. I. T. Lucas; Ward Ritchie Press, 474 S. Arroyo Pkwy, 
Pasadena, CA. , 91105, 1977, $7.95. ' > 

> "LOW-COST ENERGY-EFFICIENT SKELTER FOR THE OWNER AND BUILDER... E. Eccli (ed) ; 
Rodale Press, Inc., Emmaus PA 18049, 1976, 408 pp, $5.^. 

♦ 

PASSIVE SOLAR HEATING AND COOLING CONFERENCE AND WORKSHOP PROCEEDINGS: Albuquerque 
NM, May 18t19, 1976, Rept. No. IA-6637-C, 1977, 355 pp. Available from NTIS - 
$10.50. 

s 

NTIS National Technical Information Service 

S, 5285 Port Royal Rd. » 
Springfield VA 22151 

PASSIVE SOIAR BUILDINGS: A COMPILATION OF DATA AND RESULTS... R. p! Stromberg and 
. S. 0-. -Woodall Rept.No. SAND 77-1204 .Available from NTIS - $5.25. 

PASSIVE SOLAR HEATING OF BUILDINclS. . . J . D. Balcomb, J. C. Hedstrom, and R. D. " 
KcFailand; Rept. No. LA-UR-77-1162 , Los Alamos Scientific Laboratories, Solar 
Energy Lab., Mall Stop 571, Los Alamos NM 87544. 

PASSIVE SYSTEMS and WINDOW WALLS. . .Proceedings of the 1977.Annual Meeting, American 
Section of the International Solar^ Energy Society, Orlando -FL, June 6-10, 1977, 
Vol. I, Sections 11 and 12. Complete proceedings available from: Amer. Section, 
\^SES, P. 0. Box 13.16, U. S. Highway l90 West, Killeen TX 76541, $45.00. 

RESEARCH EVALUATION OF A SYSTEM OF NATUPJVL ARCHITECTURF . . .K. Haggart ; Rept. 'No. 
' 243 498. Available from NTIS - $10.50. 

SOLAR ENERGY AND HOUSING: DESIGN CONCEPTS .. .Glff els Associates, Inc.; \IA Research* 
Corp.. Publications Dept., 1735 New York Ave. NW, Washington DC 20006, 1975. • 
4^5 pp, $15.00. 

SOLAR GRI-:ENH0USE: DESIGN CONSTRUCTION AND OPERATION.". .R. Fisher and B.^ Yanda; 
John Muir Publication, Sante Fe NM, 1976, $6.00. " 
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\ l^ooks. Reporta^ Proceedlna a (Cont'd) 

THE SOLAR HOME BOOK. . .B. Anderson; Cheshire Books, HarrlsvUle NR, 1977, $7.50. 



THIRTY ENERGY-EFFICIENT HOUSES YOU CAN BUILD. . .A. Wade and N. Ewensteln; Rodale 
Press Ennnaus, PA 180A9, 1977, $10.95. . 

» 

Articles - Non-Technical ^ 

ADOBE: DESIGNING* FOR PASSIVE SOLAR ^EAT IN THE SOUTHWEST ... D . Wrtght; Solar Age 
1(7):10-15, July 1976. ^ . * 

ARCHITECTURE AS ENERGY... M. Villecco; Design Quarterly (103):l-36, 1977 (Complete 
Issue). 

♦ * 

CLIMATE BASED SOLAR HOUSE DESIGN: HOT AND HUMID, Charleston SC...D. V. Scully; 
Sha ring the Sun; Solar Technology in the Seventies . Vol. 4, pp. 23-26. (See 
List of Sources). 

CONCRETE WALLS TO COLLECT AND HOLD HEAT.r.F. Trombe et al.; Scqar Age 2(8): 
13-19, 1977. - 

* 

DESIGNING, BUILDING^ TROl^BE WALL... B. Andersqn; Solar Age 2(8) : 23-28, 197/. 

DIRECT SOLAR HEATING: WHY NOT JUST LET THE WINTER SUN IN THE WINDOWS?.. R. W. Bliss; 
Preprint, Consuner Conference on^Solar Energy Development , 'Albuquerque NM, 
Oct. 2-5, 1976, Donovan &. Bliss, Chocorua NH 03817, 58 pp, Sept. 20, 1976. 

.HEATING WATER IN A fiREADBOX. . .A. Von Vleet; Alternative Sources of Energy 
(25):21-25, April 1977. ' 

HERE'S A-PAS«fmY HEATED AND COOLED HOUSE THAT YOU CAN AFFORD, .. .AND WILL WANT 
.t.Ancn.; Mother Earth News- (48>:117-il9, September 1977. * - • 

THE ILLINOIS HOUSE... W. S. Harris et al;' Sharli.s the Sun: Solar Technology in the 
Seventies , Vol. 4, pp. 30-35. (See List ^of Sources). 

INDIGENOUS WOOD AND SOUTH-FACING GLASS FOR PASSIVE SOLAR GAIN TYPIFY HOMES BUILT 
TO SHELTER INSTITUTE SPECS... E. TOZER; Popular Science 211(3); 114-117, 
September 1977. 

THE KELBAUGH HOUSE... D. Kelbaugh; Solar Age l(7);19-23, July 1976. 

THE LIVE-IN SOIAR COLLECTOR. .. b1 Anderson; Solar Age l(6);19-23, June 1976. 

LOW TECHNOLOGY SOLAR HOMES THAT WORK WITH NATURE... T. Price; Popular Science 
209(6) :94-9S, Dec. 1976. - 

A NON-TECHNICAL EVALUATION OF FOUR DIFFERENT CONCRETE WALL SOLAR COLLECTOR 

CONFIGURATIONS. . ,B. Anderson et al; Sharing %he Sun; Solar Technology ln_ the 
Seven ties , Vol. 4, pp. 15-22. (See List of Sources) . ^ 

A PASSIVE SOLAR HEATED HOUSE: DESIGN AND CONSTRUCTION. . .J. Cook and H. Wade; Sharing 
the Sun; Sol.ar Technology In the Seventies , Vol. 4, pp. 8-14. (See List of 
Sources). 





HERE COME$ THE^SUN: 1974, 15 miK&tes. color, 
for iunior & senior high school 
in Massachusetts, Maryland, Virginia & Minnesota 
solar energy "goes to school" as students, teachers 
& their communities find solar heating an important 
asset in helping relieve the energy.shortage, and in 
the process learn how the systems work. Shows 
collectors, control centers, a solar experimental 
van, etc. 

PUrrtNG THE SUN TO WORK: 1974, 3 minutes, 
color, for ji^nior ^ senior high school, college 
<4 teichnicians 

Film explains some of the research being done in . 
the solar field to reduce costs, improve efficiency, 
etc. Covers collectors for ^me heating, power « 
fariTis, and solar thermal pow^r plants. 

ENERGY: THE AMERICAN EXPERIENCE:. 2Q'k 
minutes, colbr 

ERDA's tribute to the Bicentennial produced by 
Sid L. Schwartz. Covers oil, solar and geoth^rmal 
as energy sources briefly bat thoroughly^ 

. PROJECT SAQE: minutes, 16mm.£olor, order 
#0511 

Documents installation of solar collector^ and 
appropriate piping to supply hot water to 40 apart- 
ment units at a small complex south of Los Angeles. 
Shows that, contrary to popular belief, the process 
is very simple and a great deal of fossil fuel ccn be 
saved by such projects. 

-{Also for sale, from: Madison Rims, Inc., 215 E. 
49th St., New York, NY 10017) 

CHALLENGE OF THE FUTURE: 1975, 29 minutes, 
color 

Discusses the energy situation. Shows that we are 
running out of fossil fuels, and need to develop new 
sources of energy Shows some of the research 
being done by ERDA in developing new sources. 
Emphasis on energy conservation. 

These films are available from: 

Department of Energy Film Library (fr^e rental) 

P.O. Box 62 

Oak Ridge, IN 37830 
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SOUB WATER ttEATINQ; 1964.13 mmutes. 16mm. 
color * 

Film explains tho design of a standard collector for 
"^solar watf^r heating and outlines the principles 
involved 

DEStQN FOR CDMATE: 1967. 21 minutes, 16mm. 
color 

Discusses how architects & engineers can control a 
number of natural elements, including solar heat, 
sun and sky glare, wipd. rain and noise in designing 
buildings with comfortable indoor climates 

The foregoing films are available from; 
Office of Counsellor (Scientific) (free rental) 
Embassy of Australia 
1601 Massachusetts Avenue 
. Washington, DC 20.036 




THE AGE OF THE SUN; 1974. 21 minutes. 16mm. 
color 

Film on use of 5ioiar energy in the U S Introduces 
vanrnis mnthcxis of solar energy utilization and 
explains ihn atlvaniages. disafdvantages and poten- 
tials of solar energy today and in the future 
(Also available from Glen/Kaye Films. 100 E. 
2l8l St . Brooklyn NY 11226. (212) 28?-2929 
Purchase-$280. Rental-$35 artd up ) 

ENERGY: NEW SOURCE.S: film 3 of 4 part series. 
20 fh^mites. J6mm, color, junior/senior high school, 
college. aduH 

Film covers possible uses of solar cells, solar panels 
for hot water and temperature control in buildings, 
and solar heat for generation of electricity Also 
deals with qeothermal energy and briefly covers 
energy from wind, tides, burning tfash. mfethane and 
thermal gradients 

{AlS(^ available from Churchill Films. 662 N* 
Robf}rtson Blvd Los Angeles. CA 90069 Purchase 
-$250. Rental ) 

The foregoing films ar^^ available from 
fc'nvironmenlni Action of Colorado (rental— $21) 
2239 f:; a)lfax 

Denver CO 80^06 ' 303) 320-6537 
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ENERGY: HARNE$SING THE SUN: 19 minutes. 
16mm. color junior/senior high 
Introductory film on the many forms of solar energy 
utilization: collectors for'heating & cooling buildings, 
two basic types of solar energy collection— natural 
and technological. Covers advantages and problems 
associated with solar utilization. Reviews current 
energy situation for fossil fuels, showing need . ^ 
for solar, * ^ 

(Also available from: Sterling Educational Films. 
241 E. 34th St.. New York. NY 10016. 
purchase-$255) 

SUNBEAM SOLUTIONS: 38 minutes. 16mm. color, 
high school, college, adult produced by BBC-TV 
Looks at the efforts of the past which have become 
insufficient in fulfilling present energy needs. 
Explains how we are faced with the problem of 
survival, finding and using.new forms of energy as 
conventional sources run out. Points to possibilities 
of solar. - ^ 

(Also available from: Time/Life Multimedia, Time & 
Life Building. New York, NY 10020. order no: 
Fl620{ftlm). V1341 (video). purchase-$425 (film). 
$300 (video). rental-$40) 

The foregoing are available from: 
University of Califbrnia 
Media Extension Center 
Berkeley. CA 94720 



ENERGY FOR THE IfUTURE: 17 minutes. 16mm. 

color, senior high/junior college 

Features alternative energy utilization, including 

geothermal facility in California, coal gasification 

plant in Chicago. Chi9f emphasis on solar 

technologies. 

(Also available from: P R L . 1822 Pickwick Avenue. 
Glenview. IL 60025. rental-$21 ) 

Available from; 

Bntanica Educational Corporation 
(Purchase-$220) 
1925 North Lynn St. 
Arlington. VA 22209 



ENCRQYFnOMTHE SUN: 11 minutes. 16mm, 
black Awhito " 

UiuBtrates mipoilancc of the sun as the earth's major 
source of eneryy Explains photosynthesis as well 
as discussmq present & future uses of solar energy. 

Available from: 

Encyclopedia Britanica Educational Corp. 
(Purchasers 70) 

4?5N. Michitjan Ave . • 

ChicaooJL606ll 



HOW TO MAKE A J50LAR HEATFR: 20 minutes. 
16mm. color ^ ,k 

E)cpiams pnnciple of solar energy applications, . 
especially first generation of solar heaters. Shows 
step-toy-step construction of a functional solar heater 
at a cost of less than $ 100..Do*it<yourself approach 
suggests a classroom project. . , 

Available rrom 

Handel Film Corporation (Purchase-$290) 
87308unsf?tBlvd ' 
V*?stHolIywotxl. CA 90060 
(213)657*8990 



SOLAR ENERGY: IS'/a minutes. 16mm. color 
Covers solar power in the past, present & future with 
emphasis on scalar architecture, high &'low tempera- 
ture conversion, ocean thermal, solar cells and 
btomass. 

Available from 

Montage Educational Film^ Z 
1*0 Box 38128 
Hollywood. CA 90038 



ENERGY FOR TOMORROW: package-3 films* 
8mm, 14 minutes each, sound on individual ' 
cassettes, comes with study guides 
FILMS: 

Energy Alternatives— overview of alternate energy 
resources 

Solar Energy— overall coverage of various uses of 
solar energy 

Nuclear Energy— uses of nuclear energy for power, 
problems Involved. 

Available from:' \' 

Educational Materials & Equipment Co. 
(Purcha$e-*$S9, sold a$ package, must buy ail 3}* 
Attn: Dept. B 

46 Lafayette Avenue - ^ 
New.Roch6ile, NY 10801 



GIFT FROM THE SUN: 13 minutes, 16mm, color, 
sound 

, About community built solar heated and cooled 
center for environmental education in Somerset' 
County, NJ. 

Available from: - t 

. UNITL Film Producers (Rental-$15) 
423 W. 118th St. 

New York. NY 10027 (212) 865-6201 



SOLAR T.E.A. HOME: 8 minutes. 16mm. color, sound 
Covers how to build a solar home, using home built 
in New Hampshire by the Total Environment Action 
group as an example. Home was built as part of the 
U.S. Department of Housing & Urban Development 
Solar Heating & Cooling Residential Demonstration 
Program. 

SOLAR DESIGN: 30 minutes. 16mm. cc or. sound 
Several architects who have designed -solar homes 
are interviewed about their problems and experi- 
ences in building^lar homes. The Homes they 
designed are shown and the solar systems explained. 
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THE SOLAR .BUILDERS: 27 minutos. 16mm. color, 
sound 

A Now Jorsny bwildor, a buildnr from Oailas, TX. and 
a Colorado builder are ifiterviQwed about their 
experiences in building solar homines The homes 
they buiil, which wore funded under the U S. 
Department of Housing & Urban Development Solar 
Residential Donionstration Program, are shown and 
their sotar systems oxptamed 

, THE DAWN OP TIME: 6 minutes^ 16mm. color, sound 
General overview of the utilization of solar energy 
from the beginning to now. • 

The forego* •^q are available from. 
NatU'^'«il Solar Heating & Cooling Information .Center 
(Loan only-free) 
PO Bon 1607 
RockvMc^.iVlD 20850 
, Attn; Carolyn Tnmarchi 



Instructional television news features for lecture 
supplenHint & library reference V/z" reel to reel or 
)4" cass*?tte) 

RESIDENTIAL ENERQY-CYCLE SYSTEMS: 33 

l^inutes. black & white 

"Sky-Therm solar systems, the design & operation, 
are described; "Sundance Solar Systems ' equip* 
inent is describeu pGrticularty their domestic heat 
storage projects; Solar Research ' ready to install 
domestic wa tier heating kits are described along with 
Annual Cycle Energy System compondnts; an 
architect with Sun-Structures. Inc ' describes 
integrated alternate energy systems designed for 
-hoities in Michigan 

PROJECT OUROBOROS: 25 minutes, black & white 
Lecture of Prof Dennis Holloway. University of 
Minnesota School of Architecture on results of work 
done by 300 design students m the areas of solar 
heating, sanifafion. windmill electricity & gardening 
as expressed it^ two houses: Ouroboros South-- 
a now houso uhhzmg energy conservation & solar 
system, Ouroboros East— solar retrofit of home 
in Minnesota 



INDUSTRIAL/LARGE SO^LE ENERGY SYSTEMS: 

32 minutes, black & white 
Sandia Corp. (NM) talks abouVproject to use 
600^F sun heat to provide heating, cooling & 
electricity to living or work space i^ing parabolic 
collector; National Research CouncR of Canada 
outlines experimentaj research in eneray efficient 
house des^. methane recovery on farrns. and 
electricity from large, remote vertical axis^ind 
turbine; Graduate Asst. at New Mexico StamJJniv. 
explains two solar projects^-solar lab and soU 
demonstration house; Mareico Inc. engineeringN 
design company discusses looking to vegetable 

matter for i renewable energy resource. 

•\ 

The foregoing are available from: 
Dennis Karlstad 
2330Burano 
Sacramento. CA 95825 
(415) 524-7353 



SOLAR ENERGY TODAY: 55 minutes, color, 
television program, available in broadcast format for 
TV airing and in video cassette lor viewing by 
educational, professional & governmental organiza- 
tions—no fee 

Covers present day solar energy applications & 
related energy-conserving building design. Inter- 
view with Fred S. Dubin, nationally recognized 
expert in application of solar energy & design of 
energy-conserving buildings & operating systems. ' 
Shows solar homes & other installations, related 
materials on design, effectiveness, aesthetics of 
practical solar energy systems. 

Available from: 

Center-for Energy Policy & Research 
New York Institute of Technology 
.Old Westbury, NY 115^^8^ 
(516)686-7578 




FILM LIBRARY: library of films on conservation, 
environment & ecology. Available for loan. For 
information write: 

National Association of Conservation Districts 
1025 Clark Street 

Stevens Poinl^WI 54481 ' (715) 341-1022 



SLIDES 



SOLAR HOMES:, 5U 35mm color slides with printed 
mirratiun (pricr?- -$50)» SO^framc? 35mm color film- 
strii) with 30minute tapo cassette (price— $25), 
Shows oxampies of houses & buildings with: liquid 
flat-plate solar collectors. Vollbond ' copper & 
aluminum absorber panels, extruded plastic & rubber 
solar collectors., reinforced concrete solar collector, 
trickling water solar collectors, energy storage 
systems. hot*air collectors, various types of solar 
air-conditioning systems. 

Available from: 

James L Ruhle & Associates 

PC. Box 4301 

Fullerton.CA 92631 

(7 14) 526-6120 



BASIC SOLAR SLIDE KIT (V01 ): 19 slides. 35mm. 
color (Purchasers 19) * 
Illustrates basic solar principles soiar heat gain 
through windows, flat^^plate collectors, and photo* 
voltaics 05 well as views of famous solar homes by 
Hai ry Thomason. Zomeworks. Harold Hay and the 
University of Delaware. 

SOUR COLLECTORS SLIDE KIT (V02} 19 slides. 
35mm, color (Purchase-! 19) 
Slides dojSict flat -plate collectors from inventors 
and manufacturers. Copper, aluminum and steel < 
products included, as w^ll as Delaware U s air 
collector and the solar sun roof sandwich by the 
editor of Solar Energy Digest 



19 slides. 



SOLAR BUILDINGS SLIDE KIT (V03): 
35mm; color (Purchasers 19) 
Shows solar heated buildings both built & planned 
around the c6untr>' Duplicates many of the pioneer 
protects included in Basic Slide Kit. and adds 
projects like the Decade 80 s Solar Home. Grassy 
Brock Village and the Science Museum of Virginia 

The foregoing are available from! 

Solar Bookshiop 

TEAInc 

Churcti f^ill 

Harrisville. NH 034:^0 



SOLAR SLIDE KIT: 1974. 21 slides, 35mm. color 
(Purchase— $12) 

Describes beadwall construction, drum heat storage 
& skylid operation for a passive solar design. 

Available from: 
Zomeworks Corporation 
RO. Box 712 
Albuquerque. Nl^ 87103 
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SOUR ENERGY: READY WHEN YOU ARE: 1977. 
140 slides. 35mm. color, audio cassette 
(Purchase— $28) 

Explores variety of solar t<^chnologies readily avail* 
able for homes, apartments, office buildings, schools 
& factories. Focuses on residential & comnr^ercial 
applications in different parts of the U.S. 



Available from: 
National Audio-Visual Center 
General Services Administration 
V\/ashington. DC 20409 



SOLAR HOIMES IN THE LOW COUNTRIES: 1976. 
•^-i 75 Slide's. 35rTn;n, color, narration on cassette 
1 Shows construction of two homes with solar heating 
& hot water systems. Both were built ty Solar 
Development Associates with HUD grants for the 
solar syste.ms. Homes are located in South 
Carolina. Covers architecture, engineering & 
cost benefits. t 



Available from: 

Solar Sources Corp. 

Bankers Trust Office Park ' ^ 

Hilton Head. SC 29928 

Attn: Ren Frutkin (803) 785-8818 

( Rental -$50/day, $25/day if rented 3 or 4 times) 



SOLAR SUDES. PICTURES, VIEW-GRAPHS: 

variety of solar slidt^s solar heating & cooling 
appticatK)ns mstrumontation. systems analysis, etc. 
( 10 CdtfKjorl<r/s). picUifes & vifivi*graphs Available 
(or duplication costs 

0 

Available? from 

OaveL Chrisfenson 

University of Alabama in Huntsville 

Pp Box 1247 

Huntsville. AL 35807 



SHOWCASE OF SOLAR HOMES: 40 slides. 35mm. 
audio cassette ( Purchase - $40) 
Shows solar houses & test installations open to the 
public in various parts of the U S Houses vary in 
price range, type of architecture & system Set 
includes iMith private & government funded projects, 
demonstration & test hou^jos & universities 

RETROFIT OF A SUBURBAN HOME: 20 slides. , ' 
35mm. audio cassette (Purchase? -$30) 
Describe systems & steps involved in the atr system 
df^signed and mbililled by engineer Charles Thomsen 
in his Nebraska h^me, Scnpt (on cassette) written 
by Thomsen * • ' 

COMMERCIAL SOLAR INSTALLATIONS: 40.slides. 
35mm. autiio cassette (Purchase— $40) 
Shows buildings with solar systems, including motels, 
warehouses, offices, high rise apartments, condo- 
miniums, medical complexes, coin-op laundries & 
car washes Accompanying materials give details 
on installatiori costs, collector & storage area, 
perforrribncu & expected payback 



A SOLAR GREENHOUSE PROJECT: 19 slides. 
35mia audio, cassette (Purchase— $30) * 
Describes various types of ^tar greenhouses; 
' details construction of §f\ attached solar greenhouse. 

, SOUR SPEC HOMES: 40 slides. 3pmm. audit ^ 
cassette (Purchase— $40) * y - . 
Shows variety of archikctural styles & different solar 
systems that are used. Shows sojan homes in a 
num'ber of price ranges. ' ^ . 

' FULL CIRCLE; 40 Slides. 35mcn, audio cassette^ ' * 
(Purchase— $40) ' v-'i ^ 

Reviews millennium of solgr development in .North 
America. Beginning with Pueblo structures in sOuth- 
'west. slides trace solar systems for heating & 
cooling to the present. Shows examples of early 
designs & solar honies from 1935*s to present plus 
view of the future proposecl by leading architects. 
Presentation prepared & written by Donald Watson, 
a solar architect. . \. . 

-The foregoin'g are available from: - ^ 
Sdlar Engineering Magazine 
8435 N. Stemmons Freeway. Suite 680 * ^ 
. Dallas. TX 75247 ^ . ' 



SOLAR-ED LIBRARY: 200 slides. 35V^^cclor 
{PurChase-$12&.50)' , ' . ' . 

to be used lor educational pi^rposes trovers collector 
design.and performance, thermaf storage & solar 
terminology includes calculations.'graph3. concept 
drawings, photos of actual solar components. Comes 
with manual to assist in classroom presentation. 

Available from; ' \ . 

The Cooper Solar Distributing Company 
1627 Litchfield Turnpike 
Woodbfidge. CT 06525 » ' 
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A TOUR THROUGH AMERICA'S FIRST ^OUR 
ENERGY SUBDIVISION; 16 slides. 35mm. color, 
script (Purchase-$24. discount to teachers- 
& schools) I 
Shows solar houses and solar systems— whjst systems 
and components look like, some schematic'diagrams. 

Available from. 
Sonnergetics 

18621 Parthenia Street " v 
Northridge. CA 91324 (213) 885-0323 * 



SOUR ARCHITECTURE SLIDE SET: 35mm 
, (Purchasers 10) 

Slides of cloven solar homes in Colorado.^' 
Mexico. Arl^o^a and Minnesota Photos by 
Gregory Franta 

Available from 

Rf )arinci F-ork Resource Center 
PO Box 9950 

Aspoa^CO 8161 1 (303) 9^-8885^ 



/IDEOTAPES 



ARCHITECTURE, BUILDING & THE SUN-THE 
KAREN TERRY HOUSE: videotape geared for 
students, professionals & laymen, 21 minutes, 
black & white * 
..^Documentary account of conception, construction & 
performance of a sophisticated ''passive" project 
featuring Karen Terry, builder; David Wright. , 
architect; and B. T. (Buck) Rogers. 
(Also avallabfe from: The Solar Bookshop. TEA. 
Church HIIL Harrjsville. NH 03450, purchasa5-$175 
{ reel). $200 cassette) ^ 

SQLAR RPAUTY: A DIALOGUE WITH JOHN I. 
YELLOTT: videotape geared for students, profes- 
sionals & laymen 

, Yellott. a famoug solar pioneer, talks about past, 
present & futuret of solar. 



The foregoing are available from: 
Solarvision inc. 
Box A 

Hurfey. NY 12443 



SOLAR SLIDES: 35mm Slides on all aspects of solar 
energy— collectors, swimming pools, photovoltaics. 
heating & cooling, homes, commercial buildings, 
schematics, etc (Purchasers l OO/oach for non- 
members. $.70 for members. $5 minimum order) 

Available from ^ . 

'* Solar Energy Institute of America - • 

. PO Box 6068 
' Washington. DC 20005 
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SOLAR HEATING & COOLING OF RESIDENTIAL 
BUILDINGS: SIZING, INSTALLATION & OPERA- 
TION OF SYSTEMS and SOLAR HEATING & 
COOLING OF RESIDENTIAL BUILDINGS: DESIGN 
OF SYSTEIMS: videotapes (also available 
as manuals} 

' Training materials for designers & installers of solar 
systems. Material developed by Colorado State U 
under sponsorship of Dept. of Commerce & Nat l 
Assn. of Home Builcler^. 

Available from: 

^National Technical Information Service 
5285 Pod Royal Road 
Springfield. VA 22161 
or 

Colorado State University 
Ft Collins. CO 80523 



ERIC • 



20fl 



SOLAR TOPICS ON COLOR VIDEO CASSETTE: . 

3 colcar viUno cassottos on solar energy (Purchase 
$50/each. 3for$l351 

Cassotlo » 1 Shwkion Butt. Prosidont. Solar Energy 
1ndiistrif?s Assn describes potontial market for solar 
heating A atr-conditiunmg ( 15 minutes). 
Cassf?fto n? Jon Shwrman. HUD executive, is inter- 
view(Ht by John Blako. Exec Dir . SEIA Interview 
/Covers solar riemonstratidn program of Dept of 
. Housing ant! Urban Development ( t5 minutes). 
Cassette »3 Bob Sehlesmger- President of Rho 
jSiqrna giveu visual demonstration of proper 
^orientation of controls in a solar energy system 
(9 minutes^ 

Available from ' 

Solar Enginoennq Magazine 
8435 N Stemmons F reeway. Suite 880 
^Dallas JX 75247 



FLAT PLATE SOLAR COLLECTORS, PART I and 

PART II: (Part I -58 mm ). {Part H -58:30 mm.) color 
Harry McIVIilIan Univ of South C-Jtrolina 
Descnption'of f'ijnction of various parts of the flat 
plate collator and some typical geometries. Mathe- 
maficat njodol pff>sefM<»d for collector efficrencx , 
and uhvhi\ gam m terms of pertinent variables 
Some practical ctinsid(?rations reviewed and several 
features of rurrr^nt models are listed Notes included 

SELECTIVE COATINGS & EVACUATED COL- 
LECMrS. PART I: 46 15 mm . color 
H.iroldB' Southern Methodist University 
Thermal ft islaricc n^Mwork descnbod which shows 
uuantftativrly fhu combined importance of selective 
coatings and vacuum in controlling useful energy 
pro<luced m solar collector How vacuum affects 
losses IS ron«;if lorod Post support evacuated model 
shown D*»siun j?ou^ttions that relate losses to 
spacirig prpss\jrr» levei. and temperature are 
(ievploofHt 

SELECTIVE COATINGS & EVACUATED COL- 
LECTORS. PART II: 42 45 mm color 
Harold BHim & C^virU>s Moore. Suut»K.nn Meltiodisl 
Ufiive' sify 

S%>U"c(Tvf» f:f uithU) y to rnhani:o solar colU?ction & 
U^ssi'M hfMi (fp.srs by r<Kiiaru)n nrv chscussod by 
COfi«^nU>finq htlMr i»fif>r(jy r»^jiJtUi(Mis. the thermal 
fi'Sisiancp j(nn<lf»l .\tM\ mi»r:hani5ms of soU?ctivity 
EquipMH'nt to MK-a jtiff^ solar absofptivity & operating 
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temperature emissivity shown and described. Copper 
on galvanized steel selective coating prepared, and 
samples of coatings displayed. 

SOLAR CONCENTRATORS: 30 min.. color 
Kent Reed. Argonne National Laboratory 
Optical concentration of incoming solar energy 
reduces active absorber area required in collector 
of a given acceptance aperture area. Potential 
benef its<)f this reduction in thermal & photo- 
voltaic collectors outlined^ Limiting relationship 
between concentration & angular acceptance 
presented, and implications in concentrator col* 
lector design discussed. Examples of nonfocusing 
& focusing collectors described. 

THEFtlMAL STORAGE SYSTEMS: 59:30 min . color 
L. Ne'Srnan Connor. University of South Carolina 
Introduction to energy storage in solar thermal 
'System. Time dependent relationship between solar 
input, delivered load, and energy storage depicted. 
Characteristics of thermal storage media and 
systems fabricated using these media discussed. 
Particular attention given to water systems, pebble 
bed storage, and phase^hange systems. 

DESIGN & INSTALLATION OF SOLAR HEATING 
& COOLING SYSTEMS, PART I: 52.25 min . color 
George Lof. Susumu Karaki. Byron Wmn, Colorado 
State University 

Review of solar energy systems, discussion of 
simplified design prbcebures. and discussion of 
solar system economics and installatiort procedures. 

DESIGN & INSTALLATION OF SOLAR HEATING & 
COOLING SYSTEMS, PART II: 51:30 mm . color 
George Lof. Susumu Karaki, Byron Winn. Colorado 
State University 

Discussion of automated design procedures for 
Solar systems, the design and installation of sul>- 
system components, and solar system economics. 

SOLAR ENERGY AND CONSUMER MARKETS: 

60 minutes, black & white 

S:* Larnpert. Univ of Southern California. Gilbert 

Yanow. Caltech JPL 

Consumer oriented considerations relative to 
general acceptance of solar energy as an alterna^ 
tive energy resource Comparative costs of systems, 
legal aspects and regulations, financing problems, 
and mcenfives. Influence of rising tjosts & avail- 
ability of oil cr natural gas compared with costs 
associated with installation and use of solar 
operated systems 
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INSTITUTIONAL CONSIDERATIONS INVOLVING*'^ 
SOUR ENERGY SYSTEMS; 55,45 min . black 
ft whitf? 

S Lnmpert, Umvprsily of Southern California- 

Gilbert Yanow CaltRCh JPL 

Panpl of oxpcrts from industry, government and 
• education discuss ramifications of various institu- 
tional. ji0CM»taf & economic measures upon 
& development & growth of a solar energy industry. 

Issues such as uniform standards & regulations for 
. solar energy systems & their use: governmental 

responsibilities for planning & zoning, educational . 

programs for acceptance of solar as meani ngf iil ' 

alterniitivo rest)urct) 

SOLAP HOUSE DESIGN: 49 10 m n . color 

W Shiok. S Kon^o. R. Jones, W Harris, University 

ofll'.nois 

House desiqnfH, jis efficient solar collector-storage 
unit.'with 5in)»?r-insulatod enclosures and south 
, tripie-tiUwd windows presented Solar gain of 
south-facing tnnie-qlizod windows aialyzed and • . 
sun c6ntr<jl by roof overhang (Jescribed Costs of 
sup«»r-insuiation estimated Other energy savings ^ 
.pp!ioMstles<:fitxHl 

SOUR OGlVIONSTRATiON PROJECTS; 60 mm ' 

color 

J Wilhams. G»'<irgia Institute of Technology 
Schematic diagrams f)f typical solar heating arid 
eoolinq systems presentecJ along with typical hot 
wafer hnatirvj systems Several ,:nse studies shown 
ranyimj from'small residential installations to large 
otementary school and large community center with 
ICO rink Presetifs overview^of material in other 
tapes by showing real-world applications 

The foregoing are available from 
ITT/V 

4 TT Center ^ 
Chicago. lU' tiOhie 
(3121567-34(30 

( Purchase -.-$?95/vidf>o cassette, %" video 
Ctissffftes. also avail.iblo for loan) • 

Also available from 

Ass(x:iation for Mndia Dased Continuing Education 

for Enginorrs Inc 
c /O Georgia Tnc h 
Atlanta (5A 30333 
(4041894-3302 
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p . t&l NATIONAL SOLAR HEATING AND COOUNG INHlRMAnON CENTER , ' 

P 6 BOX 160/ CALL TOUf REE (80Q» &2S 2«?i 

«OCKVIt».E. MO 20850 ^ «NPENNSJiXVANIACAlt <800M6?49|U /. v i'^ f 

' , . ' ' be loi 

vf . . , ENERGY CONSERVATION IN BUILDINGS 2nd edition,,. 

' ' Oct. 1977 

Icclmlcal 1 '^ 

" ■' ' . \ 

ASHRAE HANDBOOK OF FUNDAMENTALS ... ASHRAE Publications / 345 East 47th St., New York NY 10017, 
1977, 688 pp, $40.'06 + $2.00 handling. Chapter 20, "Design Heat Transraisslon Coefficients", 
contains a complete list of thu propertlos, including R-values, of insulation and building 
'^materials. - . * . » i 

GUIDELINES FOR SAVING ENERGY IN KXISPING BUILDINGS .. .GPO, 1975; Pt. 1 - Stock No. 041-018- . 
00079-8, 304 pp, $5.25; Pt. I - Stack No. 041-018-00080-1, 465 pp, $5.05. Two-part 
manual far building nianagersvand engineers on ways to save energy. - * 

MANUAL J LOAD CALCULATION FOR RESIDENTIAL WINTER AND SUMMER AIR CONDITIONING. . .National 
Environmental Systems Contractors Association, 1501 Wilson Boulevard, Arlington VA 22209, 
.4th edition, $7.50 (Non-Members), $4.50 (Members). Technical guide to calculating heat loaus. 

MINIMUM DESIGN STANDARDS FOR HEAT LOSS CALCULATION. . .U. S. Dept. of Housing and Urban Develop- 
ment. Washington DC 20410, Order No. 494O76, 22 pp, March 1973. Guide to calculating th^ 
heat transmission qoefCiclents ol building sections. 

RETROFITTING EXISTING HOUSING KSR ENERGY CONSERVATION - AN ECONOMIC ANALYSIS .. .S . R. Peterson; 
-GPO, Stock ^No. 003-003-01360-9, 76 pp, 1974, $1.35. Covers the economic factors of adding 
insulation to existing housing. 

N on-Technical ■ * 

CITIZEN ACTION GUIDE TO ENERGY CONSERVATION. . .Citizens ' Advisory Committee on Environmental 
Quality; GPO, Stock No. '040-000-00300-2, 64 pp, 1974, $1.75. Overview of the energy 
problem and variotis opportunities for saving energy in industry, transporation and buildings, 

CONSUMERS' GUIDE TO EFFICIENT ENERGY USE IN THE HOME... Gas Appliance Manufacturers Asioc, 
1901 N. Ft Myur Dr., Arlington VA 22209, 5 pp, 1973, Free. 

^ 11. WAYS TO REDUCE ENERGY CONSUMPTION AND INCREASE COMFORT IN HOUSEHOLD COOLING. . .Of f ice of 

Consumer Affairs and the National Bureau of Standards; GPO, Stock No. 003-003-00876-1, $.40. 

fNERGY CONSERVATION - UNDERSTANDING AND ACTIVITIES FOR YOUNG PEOPLE. . .GPO, Stock No. 041-018- 
00091-7, 20 pp, $.85. Designed for junior high'school students; contains suggested - 
actlvUle.a for tncreaaing their awareness of energy conservation. 

♦ 

THE KNKRGY MISKR'S MANUAL,.. W. H. Morrell; The Grist Mill, 90 Depot Rd., Eliot ME 03903, 
^77 pp, 1976» $1.9') + $.10 postage. Compares the insulatinR values of different materials 
and dlfferi'ni types of walls; covers other ways »to save energy thro^igii site planning. 



tNERCY PRIMER. . .Poriola Institute, 558 Santa Cruz Ave.,* Menlo Park C4 94025, 200 pp, 1974, 
$5.50. Section on •'Architecture** contains a detailed description of building codes* 



HE ENERGY SAVING GU TDKBOOK . . , C . S. Springer and (;. K. Smith; Technomlc Publishing Co., 
Westport CT 0f>88U, 103 pp, ^974, $8.50. Covers the basics of heating and cooling your 
house; Includes short .st»rtion for mobile home owners. 

rti-f MAM n n< ri'f t Mi.NKi I fv .NSlMuTf S» AR^H I. A 8ll ^ A T O R I f. S f O R THE DrPARfMtNT (iT 
Q " • ^'^♦''f ^ ^'^>»^' '"^ ''AUiMt M or HOUSf .'G Ar>^D URBAN DEVfLOJVlENT. THF. NATIONAL 

|gDJ(^" •IMffNAN^HU An)V/J nMf.ANK-ATIONR or NO f f N DOf tSfc . R ^ COMMt N D O R A T T E ST TO T H f 

a^a^^ .)UAM», AN(W Ai»AMn I I . A N >»• n ()OUr 7 •;() R SM^V iCt S O ^' COMP AN irs AND t NO I V I DU A L S * 2'^''^^ 



MWAYS to. BUILD ENERGY CONSERVATIOK^ INTO YOUR HOMES. .'.Owens-Corning- Fiberglas Corp., * 
•Granavllle Oii 43023, Pub. No. a-BL-7055-A, 1975, Free. 

tHE F.UEL SAVERS... D. Scully, D. Prowler and B. Anderson; Northwest New Jersey Community Action^ 
"Program, Inc., Prospect and Marshall St.s., Phillipsburg NJ 08865, 60 pi^, 1976, $3.00. 
I>o-lt-ypurseU 4?»ilde to winterizing the home; includes some simple solar retrofit Ideas. 

HOME ENERCy HOW-TO.". .A. .J. Hand; .Har'peV & Row, New York NY 10022, 258 pp,' 1977, $9.95. Part^ 
I of this book concentrates on ways to conserve energy. Including insulation; Part II 
covers Ways to use alternative energies, including solar. . .„ ' 

JIOMK ENKROY SAVER'S WORKBOOK. . .Federal Energy Administration; GPO, Stock No. 041-018-00116-8, 
2^ PP, 1976, $.35.' Basic measures to make your home more energy efficient; 

THE HOMHOWNKR'S KNKRC'.Y GUIDE: HOW TO BEAT THE HEATING GAME... J. A. Murphy:- Thomas Y. Crowell 
Company, NcwYork NY 10033, 218 pp^ $6»95. Contains section on computing the cost of your 
homt!*H ,prt!8vnt ht»at loss versus th,e cost of improving its heat . retention. 

410ME0WNER'S GUIDE TO SAVING ENERGY... B. L. Price and J. T. Price; Tab-Books, Blue Ridge Summit, 
PA 17214, 288 pp, 1976, $5.95. .Illustrated simple methods for saving' energy and money. 

How TO INSULATE HOMKS FOR ELECTRIC HEATING AND AIR CONDITIONING. . .National 'Mineral Wool 
Insulation Assoc., 2J1 E. 52nd St., New York NY 100Z2, .31 pp, 1974, Free. 

-^N.THE IJANK. ..OR UP THE CHIMNEY. . .U. S. Dept. of Housing and Urban Development; GPO, Stock No. 
023-000-00297-3, 72 pp, 1975, $1.70. Detailed guide tor the homeowner* on Insulating 
his/her home. * • , o 

klLDWATT COUNTER: A CONSUMER'S GUipE TO ENERGY CONCEPTS, ^^''a^TITIES, AND OSES. . . Alternative 
Soun:es of Encr^g}', Issue t^io. 19, Dec. 1975. Alternativt -urces of Energy, Rt. 2, Box 90^^ 
MIIV.cTmN "56353. •; " 

-I.OW'(;hST ENERGY in ENT SMKi/rK.R FOR THE OWNER AND BUILDER... E. Eccll (ed) ; Rodale Press, 
KmranuH I'A1H049, 408 pp, /976, $5.95. Covers the basics involved in owning and building 
tm energy-«l f U'cicnt home. 

MAKING THE MOST Of" YOUR ENERGY DOLLARS IN HOME HEATING AND COOLING... M. Jacobs, and S. R. 

Peteiaon; Consumer, Information Center, Pueblo CO 81009, Order No. 065E, 17 pp, 1975, $.70. 

/ '"■ 

OTHER HOMES /\ND GARBAGE: DESIGN FOR SELF-SUFFICIENT LIVING... J. Lecki et al;. Chas. Scrlbner's 
Sons, New' York NY 10017, 302-pp, 1975, $9.95. Contains extensive sect ion. on heat loss 
calculation; Appendix 4D gives the R-values of a large pumber of building .materials . 

PROJECT RETRO-TFCH -HOME WEATHER TZAT ION MANUAL... R. Hill et al; Available soon from GPO, 
St«Kk No. unkric^wn, 40 ppi, 1976., Price unknown. Original Document No. FEA/D-75/457 K. 
Gould be u.«ieil by the honifeowner to survey his home energy needs. Part of the PROJECT 
RETRO'-TErn - INSTIRCTOR'S KIT FOR HOME WEATHER I ZAT I ON COURSE which will also be available 
from GPO. 

•SAVE ENF.RGY: SAVE MONEY.., F. Eci 11 and S. F. Eccli; National Center, for Conununity Actii)n, 
Wll" Connecticut Ave., NW, Washington DC 20009, 40 pp, 197-4, Free. 

c;i'0 - .'Super liUeiulent of Doi-uments A more complete Jist of government publications 

no*/erntmMU Printing', Office oti Energy Conservation is available from GPO. 

Waphitt^Uun DC 20402 Ask for SB-058. 

Minimum M.J 11 Order - $1.00 ^ *' . ' 

AddUl(»iMl .^<>ur.<-.s of mnterl.jl on EnerKJ Conservation include State Energy Offices, local 
public utiihv lotnp.m les nnd the National Enerp.y InfoJ^natlon Center, 12th & Penna. Ave., 
W.ishintcn DC 204hl. 



Article s - Non -Technical fCdnt'd) * . . ' * 

I'ASSIVK SOUU HOME FOR NORTHERN CLIMATES. . .D. "Warier and A. Marier; Alternative 
S?«rc9A.ilJ?ersx (25): 5-11, 1977;-PART TWO. .•. Alternative Sources of Ener^'y ' ' 
(2fO:'^l-Z3. 1977. (Complete set of blueprints available from: Don aftd Abby 
Mdrlur, Uoutc 2, liox 74, Milaca MN 56353, $15.00). 

■ s 

RALIMI^ND HOLLY "tYREL^S HOUSE. ..R. Tyrell; Solar Age 2(8):24-27, 1977. 

THE SKLF-HKATING, SEp-COOLING HOUSE,., W. Thomas; Mother Ear th News (10)':76-79. 
July '1971. . \ ■■ ' 

/SOLAR AND WOOD ADOBE )K)USE...B. Colyer and W. Colyer; Wood Burning Qua rterly, pp. 30 + 
Spring 1977. . " ' ' 

» 

SOLAR BAITKRY FOR PASSIVE HEATING... E. Morgan; Popular Science 210(6): 34, 148, 
June 1 977. - , - * ^ 

THf SOLAR FAN (SOLAR INDUCED DRAFT AIR CONDITIONING SYSTEM)... R. L. Rei4 and A. F. 
Bedln^fr; Sharlnc the Sun: Solar Technold p y in the Seventies . Vol. 4', pp. 1-7, 
(Sue List of Sources). • . ■ ^ ' 

THE. SOLAR WAY: PASSIVE... M. Skura; New York Times Ma gazine 76-77, 80. 126-127. 
Decembor 7, 1975. , ~~ " 

THE SUNERGY LOUVER DRAPE - A UNIQUE PASSIVE SOLAR HEAT COLLECTOR'S REFLECTOR. . .R. • 
H. Rico; Sharing the Sun: Solar Technology In- the Seventies . Vol. 4, pp. 27-29 i 
(See List of Sources). 

HKATtNG BUILDINGS BY WINTER SUNSHINE .. .M. G. Davies: Building Science Sup plement 
" (>'^l^rt;y and Houslnj;). pp. 53-66, 197 S. [ ' 

NATURAL AIR CONDITIONING WITH ROOF PONDS AND MOVABLE INSULATION. . .H. R. Hay^and 
.1. I. Yellott; A SHRAf: Tran s. 75 (U :105-177 . 1969. 

THE THERMAL ADMITTANCE OF LAYERED WALLS... M. G. Davies; B uilding Science 8:207-220, 
• 1 7 3 • ^ 

THEIIMAI. ANALYSIS^OF A BUILDING WITH, NATUilAL AIR-CONDITIONING. . .J . I. Yellott and 
H. R. H.iy; ASJIRAE JVar^a^t^ 1969. 



A THKRMAL MODEL FOR A SOLAR HEATED BUILDING .. .M.' G. Davies: Building Science 
•'».\a'ilLtf"^^nLJf^'J?I£y_a^nj^^ pp. 67-76, 1975. ~ '' 



List of ScMiri'eH 



i%«';.ij^ii^t.!a..Sun;^^ Conference of the American 

<m. ,Ii,ternat(onnl Sx>lar Energy Society and the Solar Energy Society of Canada, 

. WJnn po,., Manitoba, Aug. 15-10. 1976, Vol. 4. Solar Systems, Simulation, Design. 
Lomph.ti. Proc-et'cilng.s, Individual Volumes or Papers available from Amer. Section, 
InUMn.,t(onal Solar Energy Society, P. 0. Box 1316, U. S. Highway 190 West, 
Ki I ivv'.x rx 76S41 . ° ^ » 
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AWARD-WINNING ENERGY EDUCATION ACTIVITIES FOR £LE>OTARY AND HIGH SCHOOL TEACHERS 
• ••National Science Teachers Association, 1977, Friee. Available from DOE-TIC. 

COMMUNITY WORKERS AND THE ENERGY THEY USE. . .National Science 'Teachers Association, 
I . (Grade Two),* 1976, Free. Available. from DOE-TIC. 

ENERGY- AMD ORDER: A HIGH SCHOOL TEACHING SEQU£:XE . . .M . Terry and P. Witt, Friends 
of the Earth, 529 Commercial St., San Francisco, CA 94111, 1976. 

ENERGY . CONSERVATION EXPERIMENTS YOU CAN DO...T»omas Alva Edison Foundation, Suite 143, 
Cambridge Office Plaza, 18280 Ten Mile Kd., Southfleld, MI A8075, One Copy - Free, 
100 copies, $21.00. 

ENERGY CONSERVATION IN THE HOME. . .University of Tennessee Environment Center and College 
of Home Economics, <Home/Economics Classes), 1977, Free. Available from DOE-TIC. 

ENERGY EDUCATION ACTIVITIES FOR ELEMENTARY AND HIGH SCHOOL TEACHERS, National Science 
Teachers "Association, 1977, Free. Available from DOE-TIC. 

. ■• ■'■ / N • 

ENERGY EDUCATION MATERIALS INVENTORY, EIVK BOOKLETS ... Anon . , CGrades Kindergarten 
through vvc-lve), 1976. Rcpt. No. PB -260-48C. Available from NTIS - $19.00. 

ENERGY, ENGINKS AND THE INDUSTRIAL REVOLUTION .. .National Science Teachers Assodiation, 
(Grades 8-9), 1976, Free. Available from DOE-TIC. 

ENERGY: SELECTED RESOURCE MATERIALS FOR DEVELOPING ENERGY EDUCATION/CONSERVATION PRO- 
GRAMS. . .National Wildlife Federation, Education Servicing Section, 1412 16th St., 
NW, Washington, DC 20036. lOc per copy. 

ENERGY: WHO'S -DOING miAT?...A. Tovmsend et al.; National Recreation and Park Associa- 
tion, Arlington VA, January 1977, Free. 

THE ENERGY W USi;, . .National Science Teachers Association, (Grade One), 1976, Free, 
Availnblc; from DOE-TIC. 

HOW A BILL IJKCOMKS LAW TO CONSICRVE: ENERGY .. .National Science Teachers Association, 
(Crndcs 9, IJ , 12), 1976, Free. Available from DOE-TIC. 

LIVING WITHIN OUR MKANS . . . St at c Kducation I)cpa rtnont , State University of New York, 
Albany, NY 122iA, (Vol, Grades; K-6; Vol. 2» Grades -51^2) . 

SOI,AK-ll), Vol. 1, Kliiinontary Grades; Vol. ?, Ji:nior High School; Vol. 3, High School; 
Vol./i, Col h'j'.o TcMfhcrs. . .Solar-LD Corp., P. 0. Drawer X, Woodbr idj',o , CT 06525, 
$3.00 foi carl) voliiim- or $10.00 for the co;-r>letc set. 

1IH ( I M n M r. l MA rt I) n t* TMi- f MAfJKt in ins r ITU I f Hl.Zt A-ICm DMATOFUIS fOU rUF us Oi PAf<TMeNf OF 

MotititNt. Afjf) iinnAM)f { ot'Mi rji ANOiMf uf. {)[ rAiUMrm cf ,y this t isi contains N^Mrs that Whnr 

Q KNOWN r(M Ml CfNTinATrMf 1 IMl (U VWKiWWi SINCL- 7 Hf ( f \ ti M DOf S NOT t: VAl UA T t »*MODUCTS OH Sinv:C:t:S 
ERJC ^^'^ AMAN( F Or NAMI S ON MII:> I I.M OOHS NOT INDICAT; t NDORSL MFNT. NOH OOlS TMC ADSCNCk INOlCATf. 

msHto OinAPi'MdVAt. MIOfMr Uf^OAn AFir AVAtl AMir If VOU VVI'iM TO BC LtSTHO. PLC ASC CON T AC T US 



£IRRI CULUH AIDS c bNTjD ^ . 

A TEACHER'S GUIDE FOR ENERGY CONSERVATION. . .Contact : Jonathan Wert, Environment Center, 
Unlvcroiey of Tennessee,. South Stadium Hall Knoxville, TN 37916. 

A TEACHER'S HANDBOOK ON ENERGY. . .Interstate Energy Leadership Project, Colorado Depart- 
nent of Education, 201 E. Qolfax Ave., Denver, CO 80203. ^ . 

TEACHING SOLARENtRGY...R. Welsman, (Junior High), Solar Age 2 (9) i 22-30, September 

1977. . * » 

TRANSPORTATION AND THE CITY. . .National Science Teachers Association, (Grades 8-9), 1976. 
Available from DOE-TIC. ^' 

YOUR ENERGY WORLD... Department of Energy, (Grades 4-6), 1977, Free. Available from 
DOE-TIC. ' 

EDUCATIONAL KIT S ' . * " 

ED-U-SOL (a scaled down version of a solar "collection and water heating systep) Contact: 
Systems Using Nature, Ltd., P. 0. Box 230, Balls ton, Lake, NY 12019. 

KWASNOSKl SOLAR ED-KIT (cJi be changed into 30> different collector configurations) Contact; 
The Cooper Solar Distributing Company, 1627 Litchfield Tpke . , . Woodbridge CT 06525, 
$395.00. * 

SOLAUKTTK (works on the principle of thermosiphoning) Contact: Solar Heat Corporation, 
' 108 Summer St. "Arltngtor, MA 02174, $85.00;. , 



ApnRESSES / 

DOK-TIC* 

P.O. Box 62 

Oak Rldp.c TN 37830 



NTIS 

5285 Port Royal Rd. 
Springfield VA 22151 



Other bibliographies and source sheets that could be sont to educators; 



ChildreuK & Younp, Adults Bibliography 

Films & Slidcfj 

Solar Kit Manufacturers 

Ncwslfttors 

Practical and Do it Yourself Projects 
Solar Science Item Mnnuf .TCtiirtM's 
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List of Published ' 2nd edition 

Standards, Codes and Performance Criteria January 1978 

RelaUng to Solar Heating and Cooling Applications 




AKMRAK Standard 93-77lPMl':TH{)I)S FOR TESTINf; THK THERMAL PERFORMANCE OF SOLAR COLLEC- 
TORS. ASHKAK, W East 47th Struut, New York, New York 10017 $8. 3b* 

ASHRAK Standard 9A-77, METHODS OF TESTING THERMAL STORAGE DEVICES BASED ON THERMAL 
PERFORMANCE. ASHRAE, 345 East 47th Street, New York, New York 10017.' $6.35* 

* 

FLORIDA SOI.AR ENERGY CENTER TEST METHODS AND „HINIMUM STANDARDS FOR SOUR COLLEC- 
TORS. Florida Solar Energy Center 300, State Rd. 401, Cape Canaveral, Florida 32920 
(November, 1976) no charge. 

HEATlNd AND ATR CONDITIONING SYSTEMS INSTALLATION STANDARDS FOR ONE AND TWO FAMILY 
DWELLING AND MULTIFAMILY HOUSING INCLUDING SOUR. Sheet Metal and Air Conditioning 
Contractors' National Association, Inc. 8224 Old Courthouse Road, Tysons Corner,- 
Vienna, Virginia 22180. (Third Edition, February 1977.) $10.00 - Individuals; 
$6.00 -A/E firms, educational, institutions, public libraries, federal, state and 
local government agencies and departments. 

INTERIM PERFORMANCE CRITERIA FOR SOLAR HEATING AND COMBINED HEATING AND COOLING 
. SYSTEMS AND DWELLINGS. Prepared for the U.S. Department of Housing and Urban 
Development by the National Bureau of Stanciards. Available from Ga»0. SD Catalog 
No. cn. 6/2: 5.04. $1.90. , 

% 

INTKRIM PKKFORMANCK CRITERIA FOR SOLAR HEATING AND COOLING SYSTEMS IN COMMERCIAL 
WIILDINGS. Prepared for U.S. Energy Research and Development Administration by 
tlu' National Bureau of Standards. NBS Report NBSIR 76-1187 (November 1976) Avail- 
able from NTIS. Order No. PB 262 114. $5.50 

INTERMEDIATE MINIMUM PROPERTY STANDARDS SUPPLEMENT - SOLAR HEATING AND DOMESTIC HOT . 
WATER SYSTEMS, Prepared for the U.S. Department of Housing and Urban Development 
byahf National Bureau of Standards. (1977) Available from GPO, SD Catalog No*. ' 
4930.2 $12.00 ' 

INTERMEDIATE STANDARDS SOLAR DOMESTIC HOT WATER SYSTEMS/HUD li4lTIATIVE. Pre- 
pared for the U.JJ. Department of ^Housing and Urban Development by the National 
.Bureau of Standards. NBS Report NBSIR 77-1272 (July 1977) Available from NTIS. 
Order No. PB 271 758. $8.00 

PROVISIONAL FLAT PLATE SOLAR COLLECTOR TESTING PROCEDURES. Prepared for the Depart- 
ment of .Knerny by the National Bureau of Standards. NBS Report NBSIR 77-1305 
((Kiober 1977) Available from NTIS. Order No. PB 272 500. $5.25 

UNIFUR>! SOLAR ENERGY CODE. International Association of Plumbing and Mechanical 
Otf tctals, 5032 Alhambra Ave., Los Angeles,' Calif ornia 9j3032. $6.00 

*^iolh ASHfiAE Standard 93-77 and 94-77 are available together at a price of $10.35 

TMl CFNTEM ISOPFMATEti BY THE FMANKLIN INSTITUTt RESEARCH LABORATORIES FOH THE US DEPARTMENT OF 
Hf)USiN(; A^<^ urban DEVt'L0rMEf3T and the us department of ENERGY. THIS LIST CONTAINS NAMES THAT WERE 
. KNOWN T(^ THF CtNTEH AT THF TIME Of PRINTING. SINCE THE CENTER '^OES NOT EVALUATE PRODUCTS OR SERVICES 

FRir APPEARANCE OF NAMES ON THIS LIST DOES NOT INDICATE ENDO <SfcMgNT,NOR DOES THE ABSENCE INDICATE 

DISAPPROVAL PERIODIC UPDATES ARE AVAILABLE IF YOU Wi'iH TO BE LISTED. PLEASE CONTACT US 



the above publications marked GPO may be obtained by writing td: 

Superintendent of Documents 
U.S. Government Printing Office 
Washington, D.C, 20402 

'Maki» all checks payable < to:. .'^ 
The Superintendent of Documents , 
' U.S. Government Printing Office 

Please note that the minimum mall purchase order la $1.00. 

* * * 

The above publications marked NTIS may be obtained by writing to: 

National Technical Informat ion • Service 
5285 Port Royal Road 
Springfield, Virginia 22151 
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SOLAR ENERGY PUBLICATIONS AVAILABLE PROM Tlt^ GOVERNMENT PRINTING OFFICE 



The following publications may be 
obtained by writing to: 

m 

Superintendent of Documents 
U.S. Government Printing Office 
Washington, DC 20402 



Make all checks payable to: 

Superintendent of Dopum^nts ' 

Please note that the minimum mail 
purchase order is $1.00 
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\, BUYING SOLAR 

GPO Stock No. 041-018-00120-4 $1.85 

2,, DEMAND ANALYSIS, SOLAR .HEATING AND 
. COOLING OF BUILDINGS 

GPP stock No. 038-000-00207-4 $2.45' 

3.. AN ECONOMIC ANALYSIS OF SOLAR WATER 
AND SPACE HEATING 

GPO Stock No. 060-000-00038-7 $1.85 
(MITRE Corporation Report) 

4. ECONOMICS, OF SOLAR HOMe' HEATING 
GPO Stock No, 052-070-03968-0 $1.35 

5. ENERGY USE AND CLIMATE - POSSIBLE 
EFFECTS OF USING SOLAR ENERGY IN- 

' STEAD OF "STORED" ENERGY 

GPO Stock No. 038-09i»^0240-6 $1.35 

6. FUELS FROM^BIOMASS PROGRAM - PROGRAM 
AND PROJECT STATUS 

GPO Stock No. 060-000-00029-8 $1.X0 

, • 

7. A GUIDE TO F^IDERAL PROGRAMS OF 
POSSIBLE ASSISTANCE TO THE SOLAR 
ENERGY COMMUNITY 

GPO Stock No. 052-070-04080-7 $4.00 

8. HOME MORTGAGE LENDING AND SOLAR 
ENERGY 

GPO Stock No. 023-000-00387-2 $1.40 

9. HOURLY SOLAR RADIATION DATA FOR 
VERTICAL AND HORIZONTAL SURFACES ON 
AVERAGE DAYS IN THE UNITED STATES 
AND CANADA 

GPO Stock No. 003-003-01698-5 $4.65 



10. IN THE BANK OR UP THE CHIMNEY 

GPO Stock No. 023-000-00297-3 $1.70 

11. INTERMEDIATE MINIMUM PROPERTY STAN- 
DARDS FOR SOLAR HEATING AMD DOMESTIC: 
HOT WATER , SYSTEMS 

GPO Order No. 4930.2 $12.00 

'l2. AN INTRODUCTION TO SOLCOST 

GPO S^ock No. 060-000-00080-8 $1.15 . 

13. NATIONAL PROGRAM FOR. SOLAR HEATING 
• AND COOLING OF BUILDINGS 

^ GPO Stock No. -052-003-00043-3 $1.55 . 

14. NATIONAL PROGR/^ FOR SOLAR HEATING 
AND C0(5LlNG OF BUILDINGS: PROJECT 
DATA SUMMARIES, Vol. I— COMMERCIAL 
AND RESIDENTIAL DOMONSTRATIONS , ' 
GPO Stock No. 060-000-00012-3 $2.35 

15. NATIONAL PROGRAM FOR SOLAR HEATING 
AND COOLING OF BUILDINGS: PROJECT 
DATA SUMMARIES, Vol. 2~DEM0NSTRATI0N 
SUPPORT 

GPO Stock No. 060-000-00042-5 $1.25 

» 

16. NATIONAL PROGRAM FOR SOLAR HEATING 
AND COOLING OF BUILDINGS: PROJECT 
PATA SUMMARIES, Vol. 3— RESEARCH 
AND DEVELOPMENT 

GPO Stock No. 060-000-00018-2 $1.90 

17. NATIONAL PROGRAM PLAN FOR RESEARCH 
AND DEVELOPMENT IN SOLAR HEATING 

. AND COOLING— INTERIM REPORT ■ 
GPO Stock No. 060-000-00063-3 $2.70 
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THE CENTER IS OPERATED 8Y THE FRANKLIN INSTITUTE RES^RChIaBORATORIES FOR THE US DEPARTMENT OF 
HOUSING AND URBAN DEVELOPMENT AND THE US DEPARTMENT OF ENERGY. THIS LIST CONTAINS NAMES THAT WERE 
KNOWN TO THE CENTER AT THE TIME OF PRINTING. SINCE THE CENTER DOES NOT EVALUATE PRODUCTS OR SERVICES 
THE APPEARANCE OF NAMES ON THIS LIST DOES NOT INDICATE ENDORSEMENT. NOR DOES THE ABSENCE INDICATE 
DISAPPROVAL. PERIODIC UPDATES ARE AVAILABLE, IF YOU WISH TO BE L»TEO, PLEASE CONTACT US. 
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18* PHOTOVOLTAIC CONVERSION PROGRAM, 
SUMMARY REPORT 

GPO Stock No. 060-P00-0Q041-7 $1.70 

19. .SOLAR DWELLING DESIGN CONCEPTS 

GPO Stock No. 023-000-00334-1 $2.30 

20. SOLAR ENERGY AS A NATIONAL ENERGY 
RESOURCE 

GPO Stock No. 038-000-00164-7 $1.50 

21. SO°AR ENERGY ENVIRONMENTAL AND 
RESOURCE ASSESSMENT PROGRAM SUMMARY 
REPORT 

GPO Stock No. 070-000-00014-0 $1.15 

22. SOLAR ENERGY FOR ARGICULTURE AND . 
INDUSTRIAL PROCESS HEAT 

GPO Stock No. 060-000-00079-4 $2.30 

23. ^ SOLAR ENERGY FOR SPACE HEATING 

AND HOT WATER 

GPO Stock No. 060-000-P006-9 $.35 

24. SOUR ENERGY IN AMERICA'S FUTURE, 
A PRELIMINARY, ASSESSMENT 

GPO Stock No^ 060-000-00051-4 $2.00 

25. SOUR ENERGY UTILIZATION FOR HEATING 
AND COOLING 

GPO Stock* No. 038-000-00188-4 $.70 

26. SOLAR HEATING AND COOLING: AN 
ECONOMIC ASSESSMENT 

GPO Stock No. 038-000-00300-3 $1.20 

27. SOUR HEATING AND COOLING DEMONSTRA- 
'^TION: A DESCRIPTIVE SUMMARY OF HUD 

SOUR RESIDENTIAL DEMONSTRATIONS, 
CYCLE 2, FALL 1976 
GPO Stock No. 023-000-00389-9 $2.35 



28. SOUR HEATING AND COOLING DEMONSTRA- 
TION PROGRAM: A DESCRIPTIVE SUMMARY 
OF HUD CYCLE 3 SOLAR RESIDENTIAL 
PROJECTS, SUMMER 1977 

GPO Stock No. 023-000-00416-6 
Price Unknown \ ' - 

29. SOLAR- HEATING AND COOLING OF RESIDEN- 
TIAL BUILDINGS: DESIGN OF SYSTEMS 
GPO Stock No* 003-011-00084-4 $8.25 

30. SOUR HEATING AND COOLING OF RESIDEN- 
TIAL BOILDINGS: sizing INSTALUTION 
AND OPERATION OF SYSTEMS 

GPO Stock No. 003-03.1-00085-2 $7.00 

31. SOLAR HEATING AND DEMONSTRATION ACT 
OF 1974, TO PROVIDE FOR EARLY DEVELOP- 
MENT AND COMMERCIAL DEMONSTRATION OF 
TECHNOLOGY OF SOLAR HEATING AND COM- 
BINED SOUR HEATING AND COOLING^ 

~ SYSTEMS • ■ I ■ 

GPO Stock ,1io, 022-003-90696-7 $.25 



32. 



SOLAR PROGRAM ASSESSMENT: ENVIRON-" 
MENTAL FACTORS. SOUR HEATING AND 
COOLING OF BUILDINGS 
GPO Stock No. 060-000-00060-3 $2.20^' 



33. SOLAR THERMAL ENERGY CONVERSION 
^ PROGRAM SUMMARY 

GPO Stock No. 060-000-00040-9- $1.90 

34. SOLCOST: SOLAR HOT WATER HANDBOOK 
GPO Stock No. 060-000-00091-3 $1.15 
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NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER 

P 0 80X 160/ CALL TOLL F«EE (8001 5?3 2929 

, .j7<rf. ■ '<l«- HUCKVIiU. MO 20660 " IN FENNSVLVANIA CAU taOOi 4e34Uei 

^ DC 121 

' . S OLAR RETROFIT BIBLIOGRAl-rfY ! 

— — — - — . ■ ■ January 1978 

• Buqka, Reports ap d pProceedlngs 

4 . 

BUILD YOUR OWN SOLAR WATER HEATER. . .Florida Conservation Foundation. Inc., 935 
Orange Ave.. Winter Park FL 32789. 1976. 25pp. $A.OO. 

BUY WISP (;ninK to solar heat.*. .F. Hlckok; P. .0. Box 40082. St. Petersburg FL 33743, 
f976, 121pp. $9.00. 

ECONOMY OF A RETROFIT SOLAR SYSTEM. ...J . M. Schreyer; (Rept. No. Y-2098). Union 
. ^ Carbide, Oak Ridge TN. Available from NTIS. $3.50 (See List of Sources). 

ENKR(;Y CONSERVATION AND SOLAR RETROFITTING FOR EXISTING BUILDINGS IN OREGON: AN 
ARCHITECTURAL DESIGN CLASS PROJECT.. .J. Reynolds; University of Oregon, School of 
Architecture and Allied Arts, Eugene Or 94003, 1975. $3.00. 

THE FUEL SAVERS:" A KIT OF SOLAR IDEAS FOR EXISTING HOMES... D. Scully et al; North- 
-west New Jersey Community Action Program. Prospect and Marshall Sts.. Phillipsburg 
NJ, 08863, 1976. 60pp. $3.00 + $.25 Postage. 

HOME IMPROVKMENTS FOR CONSERVATION AND SOLAR ENERGY... F. Hickok; Hour House, P. 0. 
Box 40082 St. Petersburg FL 33743. 1977. $6.80. 

HOW TO lUin.n a solar heater... T. Lucas; Ward Ritchie Press. Pasadena CA 91103. 1975, 
2J6pp, $.95, 

NO HEAT, NO RENT: AN URBAN SOLAR & CONSERVATION MANUAL. . .The Energy Task Force, 
519 E. list., New York NY 10009. 1977. Freei 

RI'iTROFIT SOLAR WATER HEATING SYSTEM FOR URBAN BUILDINGS .. .D. C. LarGon e»: al. 
Proceed t ngs of the 2'nd Southeastern Conference on Application of Solar Energy 
Raton Rouge, LA. April 19, 1976. Rept. No. CONF-760423. Available from NTIS. 
$12.50. 

RETROKITTINr. A RESIDENCE FOR SOLAR HEATING >tND COOLING: THE DESIGN AND CONSTRUCTION 
OF THE SYSTEM.. .J. E. Hill and T. E. Richmeyer; NBS Tech. Note 892. SDCatalog 
No. C 13.46:89'^, Superintendent of Documents. U.S. Government Printing Office, 
W.»RhinRLon DC 20402, 1975, 95pp. $1.70. 

RETR^'KHTING EXISTINH HOUSES FOR ENERGY CONSERVATION: AN ECONOMIC ANALYSIS ... S . R. 
Peterson; SO Catalog No. C13. 29:2/64, Superintendent of Documents, U.S. Government 
Printing Office. Washington DC 20402, 1974. 69pp, $1.35. 

SIMIM.F HOMK HFATING SYSTEM: WHAT CAN BE DONE NOW... G. E. Bush; (Rept. No. UCRL-77875), 
July 7, 19;6. NTIS, Springfield VA 22151, $3.50 (See List'of Sources). 

SOLAR FOR YOUR PRESENT HOME...C. S. Barnaby et al. Prepared for the California 
V.nvTKy Commission, 1111 Howe Aye. Sacramento, CA 95825, 197-7, $4.00. 

TMf (;tNt^M IS OCFMATED BY THE FRANKLIN INSTITUTE RESEARCH LABORATORIES FOR THE US DEPARTMENT OF 
HOUSING AND UHBAN Df VELOPMf NT AND THE US DEPARTMENT OF ENERGY THIS LIST CONTAINS NAMES THAT WERE 
KNOWN TO THE r.f NTER AT THE TIME OF PRINTING SINCE THE CENTER D0E§ NOf EVALUATE PRODUCTS OR SERVICES 
THE APPEARANCE OF NAMES ON THIS LIST DOES NOT INDICATE ENDORSEMENT. NOR DOES THE ABSENCE INDICATE 
ERIC DISAPPROVAL PERIODIC UPDATES ARE AVAILABLE. IF YOg^lSH TO UE LISTED. PLEASE CONTACT US 



Books , Repo rts a nd Proceedings (cont'd). ^ ; 

. ■ . , ' ■ • • • * ' 

SOLAR HOME ROOK...B; Anderson dn^^. Riordan^ Chei^hl^e Bopks, Harri8vill% NH 03450,* 
' 1976, 2j97pp, $7.50. ' ' \ ^ h i ' ' . 

SOLAR PRIMRR ONE. . .B. Carlson; SOLARC, WhittlerCA 90607, lOlpp, $a.75. 

SOLUTIONS Ta PROBLEMS OF, A "RETROFIT'' SOLAR SYSTEM... D. H. Leepet; Proceedings 

the 2nd Southeast e r n Conference on Application of Solar Energy , Baton Ro^i^ge, 
LA^ April 19, 1976,,Re|rt.. No. CONFr760423, Available fron NTIS, $12.50. 

YOl*R HOME'S SOUR POTENTIAL. .. I. Spetgang arid M. Wells; Edmund Scientific Co. , 
Harrington NJ, 1976, 60pp^k $9.95.. ♦, 

Articles - Non-Technical 

/ENGINEER BUILDS OWN RETROFIT FOR TYPICAL NEBRASKA HOME. . .Anon. ; Solar Engineering - 
l(7):14-15, 1976. . , ' - . ^ 

JUERGEN AND MARY HABER'S HOUSE... J. Haber; Solar Age 1(12) t 24-27, 34, Dec. 1976. 

PROJECT SUNSHOWER: SAN JOSE STATE UNIVERSITY DORMITORY RETROFIT TO SOLAR-ASSISTED 
WATER HEATING.. . .D. W. Altkens; Sharing the Sun ; Solar Technology in the Seventies . 
Vol. 4,^ pp. 105-127 (See List of Sources), » „ ^ " 

RESIDKNTIAI. SOLAR HKAT1N(; RETROFIT IN THE URBAN ENVIRONEMENT. . .N. Lior et ^1: S haring 
th« Sun; Solar Technol ogy In the Seventie s, Vol. 4, pp. 36-52 (5ee List of Source). 

RETROFIT - AJ4AJ0U SOl,AR OPPORTUNITY .. .J . I. Yel|ptt; Solar Age 2(3): 18-23, 1977. 

RKTROKIT: GKTTING INTO THE BUSINESS (ARCHITECTS BECOME SOLAR MANUFACTURERS) .. .R. E.\ 
Koi'hler; Solar Age 2(3):15-17, 1977. * , ' • 

« 

RKTKOFIT: PROBLEMS ANYONE? ... Sojar Age 2(3); 12-14. 1977. 

A RKTROFIT SOLAR HEATING SYSTEM CONSTRUCTED WITH SALVAGE AND READILY- AVAILABLE COMPO- 
NENTS DESIGNED FOR SELF-INSTALLATION BY LOW INCOME FAMILIES. '. .R. Clark ec al; 
Shar In^ the Sjjn ; Sola r Technology in thn Seventies , Vol. 4. pp. 105-125 (I ae List 
of Sources) . 

RETROi'irTS FOR DOMESTIC HOT WATER SYSTEMS.. Solar Engineering 1(7);14-15. Sept. 1976. 

SOLAR KNF"5Y RETROFIT FOR EXISTING BUILDINGS ... F. H. Bridges and R. E. Hop^per. Jr.; 
ASHRAE fraiKsactlons 82(1) ;835' 347, 1976. , ' ' 

SOLAR RETROFIT IN A LARGE INSTITUTIONAL BUILDINGS; AN ECONOMIC ANALYSIS .. .A. I- . 
Khan and H. A. Simon; ASHRAE Journal 19(2);32-3/, 1977. 

SOLAR RETROFIT FOR MIFLTIPLE DWELLINGS .. .M. Madder; Solar Heating and Cooling 1(3): 
14-19, Nov. /Dec. 1976,. 

SOME PROBLI':mS ENCOUNTERED IN RETROFIT INSTALLATIONS ... T. Grayson; S olar Enaineering 
1(7);16-17, Sept. 197vS. 
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•Articles - Technical * & 

• I 

ENERGY CONSKRVATION THROUGH RESIDENTIAL SOLAR RETROFIT. . .8. A. Mumma and J. Dziola; 

SlLViPBAbS-^Ji* Solar Technology in the Seventlea , Vol. A» pp. 67-91 (See List 
•of Sources) . • • 

HYBRID .SIMUI^TION OF" SOLAR HVAC SYSTEM FOR HOUSE RETROFIT DESIGN... R. J. Schleslnger; 
Proceed i nes of the Workshop on Solar CoUectors for Hea.mg and Cooling o f Bulld- 
lri£8, New York NY, Nov. 21, 1974, pp. 298-305. Rept. No. PB 243 908 (whole pro- 
ceedings), NTIS, Springfield VA 22151 (See List of Sources). 

SOLAR. ENERGY DESIGN FOR EXISTING BUILD INGS .F. S. Dubin, ASHRAE Journal 17(11): 53-55, 
Nov. 1975. 

SOLAR RETROFIT OF A HOME IN GRANTON, ONTARIO... p. E. F. Thompson and R. K. Swartman; 
Shari ng the Sun ; Solar Technology in the Seventies, Vol. 4, pp. 92-103 (See List 
of Sources). . . 

List of So urces 

NTJS NATIONAL TECHNICAL INFORMATION SWICE, 5285 Port Royal Rd., Springfield VA 
22151. • ■ . ^ • . ■ 

I 

SjiSJjiM. All^.. J'j^^^ Solar Techn ology* In the Seventies , Joint Conference of the American 
Section, International Solar Energy Society and the Solar Energy Society of Canadai 
WlnnlpeBt Manitoba, ' Aug. 15-20, 1976, Vol, 4, Solar Systems, Simulation, Design. 
Complete Proceedings or Invidldual Papers available from American Section, Intert 
natlnnal Solar Energy Society, 300 State Rd. 401, Cape Canaveral FL 32920. 
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0)^ NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER 



R O. BOX 160/ 
ROCKViLLE.MO 20850 



CALL TOLL FREE (800) &33.29?g 
IN PEANSVLVANIA call (8001 



SOLAR STANDARDS ORGAxNIZATIQNS 



/' 



A number, of organizations are Involved in solar standards. Some have developed 
tt«nd«rdt for the materials that go into the manufacture of collectors and other, 
components; others for th$ testing of the collectors and storage; and still others ' 
for Installing the systems in Rouses and commercial buildings. 

• Standards are distinguished from codes in that standards are usually of a voluntary 
nature, whereas codcts are legally enforceable in the jurisdictions that adopt them.' 
Standards, although voluntary, are usually followed by manufacturers and Installers to 
provld„e a more saleable product or service; to meet the requests of a general clientele 
who are standards-conscious; or to comply with the requirements- of those giving grants* 
such, as HUD and^DOE, or guaranteeing loans, such as HUD, FHA, FmHA, -and VA. 
/ ^ . 

ANSI American National Standards Institute 
1A30 Broadway 
New York, NY 10018 
Tel: (212)-354-3300 

ARI Air-Conditionlng & Refrigeration Institute 
■ 1815 North Fort Myer Drive 
Arlington, VA 22209 
Tel: (703)-52A-8800 

SMIA Solnr Kn(?rKy Industries Association 
Sulto 800 
. 1001 Conntu:tltut Ave., NW 
WajOt. DC 20036 
Tel: (202)-293-2981 



Coordinates acti.vlties of other 
standards-making organizations. 



Formed ARIF (Air-Condltioning & 
Refrigeration Institute foundation) 
for developing procedures for certi- 
fying collectors under iIbS contract, 

Formed SEREF (Solar Energy Research 
and Education Foundation) for 
administering the above certifica- 
tion program under contract to DOE. 



ASHRAE^ Ainerlcnn Society of Heating, Refrigeration, 
and Air-Coiiditloning Engineers 
345 East A 7th St. 
New York, NY lOOl"? 
Tel: (212)-644"7853 / , 

ASTM Amorlcnn Society for Testing & Materials 
1916 Race St. 
, Phi In., PA 19103 
Tel: (?15)-299-5476 

NHf; N.UloiKil Ruroau of Standards 
in fir,. 22'j-A-IlA . 
Waf;h. DC ?0'?Vi 
^ Tt'l: (;'()?)"921'3:^8'i 



Developed methods of testing solar 
collectors and thermal storage, 
ASHRAE 93-77 & 94-77. 



Developed performance tests for 
materials and components. 



Coverntnont laboratories x^hich ini- 
tiate standards and testing proce- 
dures Riub as'intfrim performance 
criteria for DOE niul intermediate 
minimum property £;tan(lard for HUD, 



2 1 



ERIC 



iH» ci NiiM r.oMf MATronv rnK r han1<lin iNsriiurr ntSEARCH lauohatohies for th'- n> pafumen r of 

HOtlSINr. AN(» UMUAN Of.Vl lOPMi rjT AND TU[ U5 Dt f Afll Mf NT Of- INrUGY. THIS LIST CONTAINS N AM{ S THAT WF Rfe 
KNOWN TO f M» Cf NFf M AT THf riMf Of PinNriNC.. SI\Cr THE CFNTIM DOLS NOT ^VAUJAl L mODUCIS OM SEfWlif.S 
THr. AW AHANCr Vt NAMtS ON tHiii Ur,T DOES NQT INOICAFJ. I NOOHSF Mf.NT. NOM OOtS TMC AHSENCt INOICATfc 

C)i;.APff»ovAi..»u riodk; updates afjf avail ablf. if you wish to bk LisrCD. please uoNi act us. 



\ 



UU Underwriters Laboratories, Inc. . 

207 East Ohio S^t. / 
Chicago, IL 60'6li 

Tel: (312) -642-6969 

■ < ■ * ■ 

ASME American Society of Mechanical Engineers 
United Engineering Center 
* 345 East 47th St. 
New York, NY 10017 . 
Tel J (212) -644-7722 * 

SMACNA Sheet Metal & Air-Conditloning Contractor's 
National Association, Inc. - 
8224 Old Courthouse Rd. 
' Tyson's Corner 
Vienna, „VA 22180 
Tel J <703)i|790-9890 

lAPMO.' ^'international Association of Plumbing & 
Mechanical Officials 
5032 Alhambra Ave. * 
Los Angeles, CA ° 900,32 
Tel: (213)-223-1471 



Is drafting safety standards for 
collectors. 



Developing temperature and pres- 
sure standards for piping and 
pressure vessels. 



Developed installation standards 
for air collectors. 



Issued Uniform Solar Energy Code 
which has been adopted by several 
jurisdictions as a plumbing code 
for installing liquid ''collectiors. * 



1st edition 
February 
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NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER 



F O BOX 160/ 
flOCKVil.LE.MO 20eSO 



CALL TOLL FREE !B00) S23 2929 
IN PENNSYLVANIA CALL (800) 463 4983 



SOURCES OF INFORMATION ON ALTERNATIVE ENERf.IKS 



DC 115 

4th edition 

May 1978 



; Acorn \ 

,\ Governors State University 

P«rk Forest South, IL 60A66 
>.(312) 534-5000 

» gives news about energy alternatives, appro- 
priate technology, and people in the Midwest; 
prints newsletter, fi6/yr., for individuals, 
$10i^yr., for institutions. 

Al I ernativ e Energy Association of American 
P.O. Boat 26507 
Albuquerque, NM 87125 
(505) 873-2084 

. prints bimonthly newsletter, Alternative 
Energy News ; membership $10/yr. 

■Aj- fcgJT- Mt Ive Energy Resources 
435 Siapleton Building 
BJ Ilini^s, MT 59101 
(406) 259-1958 

Jlirlnts newsli'tter, AERO Sun-Time f^ ! member- 
Mhlp, $10/yr. 

A|Lt«tk(Lt,We Techno logies Associ ation 
P.O. Box 20571 ~^ — : 
ImUamipoUs, IN 46220 
. prints bi-monthly newsletter, $3/yr.; 
membership ^ ( Inr 1 ud ing ' newsle t ter )"*, $10/yr . 

M^Tj^'«»-q.JJ"dj?rgro und-Space Ass ociation 
Thonujs C. Atchison, Executive Director 
Dept. of Civil and Mineral Engineering 
University of Minnesota 
Minneapolis, MN 55455 
(6 J 2) 376-5580 - 
.. prints journal, Underground Space ; 
membership $30/yr, 

^44 68 CR 31 ' ~ 

Brl«tol, IN 46507 ' 
(219) 848-4360 - , 

.. prints Wind^ Powe^r^pj^e^^^ member- 
ship (includlnf'wflewsletter and Wind Power 
$25/yr. " 



Center for Energy and Mineral Resources 
Texas A & M University • . 

College Station, TX 77843 ' ■ 

(713) 845-8025 

. free information on energy conservation 
and alternative technologies. 

Center for Energy Policy and Research 
New York Institute of Technology 
Old Westbury, NY 11568 » • 
(516) 686-7744 

. free energy information. \^ 

Citizens United for Responsible' Energy 
1342 30th St. '; ■ • ~ 7^ 

Des Moines, lA 50311 , ' • ^ 

. membership iacludlng newsletter, - 
^ $10/yr., and up. ^ 

Ecotope Group 
2332 E. Madison 
Seattle, WA 98112 
(206) 322-3753 

. Information on blogas, solar green-, 
houses and agriculture; please send 
stamped, self -addressed enVfelope. 

Energy Information Center ' 
215 Freemont, 6th floor 
San Francisco, CA 94105 
♦ . free D.O.E. literature; includes 

insulation, wind, photovoltaic, ^ 

etc., information. 

Environmental Aa#ion Reprint Service 

(EARS) ~ 

2239 East Colfax 

Denver, CO 80206 

. catalog available. 50c 

Geothermal Resources Council 
Box 1033 

Davis, CA 95616 
(916) 758-2360 

. free and low cost infonnatlok on ' 
geothermal energy; membership $25/yr. 
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Itt'w t H ,Re »t?arch Cen ter 

• 21000 Brookpark Road* ' , 
Cleveland, OH 4A135 
(216) 433-AOOO' * 
/photovoltaic" Information. .' 

c • 

Mi dwest Energy Alternatives (MEA ) 

F.O. Box 83202 

Linroln, NE 68501 

(402) A 7 7-31 01 - ' 

'. memburship, .$10 atid up. 

The Natio nal Center for Appropriate 
TtfVhnoloiS/ - 
P.O". Box 3838 
Bujtte, m 59701 
(A06) 723-6533 

. Information appll'cable to the needs of 
> a people with low Incomes. 

Tht» National Cie riter for Community Action 

■ Ne t wo r k S e ry i c u s : Energy 

1 f 1 1 Connec t ic u'C Ave . , N . W . 
Wa»hington, DC 20009 

. informtition on general energy conserva- 
tion m(>a8tiri*8.' 

' Nat ional Energy Information Center 
Ftuierai .Building 

12th Street, and Pennsylvania Avenue, NW 
Washington, DC 20A61 
(202) 566-9820 

. free FEA and ERDA information; includes 
windv> photovoltaic, etc. information. 

V'V* ^ 9y}l\ talc P roject ^ 
Massai'husetts Institute of Technology 
Ivlnroln Laboratory 
Box 73 

Lfxtngton, MA 02173 

, free photovoltaic information. 

Ph<»t oyo I tjiLc^ Syst ems Definition Project 

■ Division S719" 

Sand In Laboratories 

Albuquerque, NM 87115 

.'free photovoltaic Information. 



Service for Energy Conservation in 

A rchitecture (SECA ) ^ * 

Boston Architectural Center 

320 Newbury St. * . 

Boston, MA 02115 

(617) 267-7772 

. iunctlons as a wlthln-lndustry clear- 
Inhou^e of<, information on insulation, 
building codes and alternative tech- 
nologies; membership, $25/yr. , an^ up. 

Total Environmental Action (TEA) 

Church Hill * 

Harrisville, NH 03450 

(603) 827-3374 

. workshops; books. 

U.S. Department of Agrlcultute . 
Office of Communications 
Pubiufetions Office 
Washington, DC 20250 
(202) 447-8611 

. prints Solar Grain Drying; Progress 
a nd Potential and Solar Heating for 
Milking Parlors. « 

U.S. Department of Agriculture 
Agricultural Research Service 
Northeastern Region- 
Agricultural Research Center West ^ 
Beltsville, MD 20705 • 
. prints Solar Energy Utilization; A 
Bibliographic Guide. 

Wind Energy Society of America 
1700 East Walnut Street 
Pasadena, CA 91106 
(213) 443^86 

. membership\( including newsletter), 
$20/yr. 

Wood Energy Institute 
Box 1, Fiddlers Green 
Waitsfield, VT 05673 
(802) 496-2508 

. prints newsletter; membership, 
$15/yr. 



Nott*; AIho contact your state's energy office for general energy Information 
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ALTERNATIVK-SOUftaitJ-OF F.NKRGY. Alteriiativu Sources of Energy, Inc.,. Route 2. Box 90A, . 
Mllacn, MN 5635J, Quarterly, $10.00/yr. Comblrtatlon of articles', columns and fea- 
ttirea oirmany aspjicts of energy alternatives; serves as a clearinghouse for exchange <• 
of ideas and technologies, ' , 

C r 

CO-KVOUniON QUARTERLY. POINT, Box A28, Sausalito, CA 94965, $8.00/yr. Continuation 
:4, III*' Whole Earth Cau^^^^^^ contains essays and reviews of publications and ser- 

vices In the field of alternative lifestyles. 

THE MOTHKR EARTH NEWS. The Mother Earth News, Inc., 105 Stoney Mountain Road, Hender- 
sonvllle, NC 28739, Bl-nionthly., $10.00/yr. Down-to-earth descriptions of peoples' 
experiences with alternative lifestyles, ecology and energy; source for what is' 
happening in energy at the grass roots level; source for books. 

^^ein nw''"''^ Appropriate Technology, 2270 m Irving, Portland, OR 97210, 10 issues, 
910.00/yr,., or less. Information access and reference service for people deve^loping' 
tnore satisfying. 1 ivi^ng patterns that increase local self-reliance and press less ' 
heavily on our limited resources. 

^'^TTJ^n "^"ifif-y^^ Division of rnvestment.Raritles, 8009 34th Avenue S, Minneapolis 
MN 'j5420, $5.00/yr. . 

Features articles on using wood as fuel and on related sources of energy. 
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COUECES f UNIVERSITIES - UNITED STATES 



Tht following list of •ehooit rtpratcntt those we are aware of which offer aone aspect 
of solar or aolar-related study. Details of the courses and facilities available nay 
be obtained by writing directly to the schools listed. 



ALABAMA 

School of Engineering 
AUBURN UNIVERSITY 
Auburn» AL 36630 
Attai Prof. R. I. Vaehon 

Center for Environmental Studies 
UNIVERSITY OF ALABAMA 
P.O. Box 1247. 
Buntsville, AL 35807 

ARIZONA 

College of Architecture 
ARIZONA STATE UNIVERSITY 
7^«pe, AZ iB5281 / 

School of Engineering 
ARIZONA STATE UNIVERSITY 
Tcmpe, AZ 85281 

College of Engineering & Technology 
KORTHERN ARIZONA UNIVERSITY 
Flagstaff, AZ 86001 
Attn: Dr. B. W. Davis 

NORTHLAND PIONEER COLLEGE 
Administrative Offices 
1400 N. Eighth Avenue 
Holbrook, AZ 86025 

UNIVERSITY OF ARIZONA 
Tucson, AZ 85721 
Attn: Dr. Robert Carlile 
Chmn.-ESE Option Comnittee 
Dept. of Electrical Engineering 
College of Engineering 
Engineering Building #20 

ARKANSAS 

Dept. of Engineering Science 
UNIVERSITY OF ARKANSAS 
209 Engineering Building 
Fayetteville, AR 72701 



CALIFORNIA 

Department of Engineering 
CALIFORNU INSTITUTE OF TECHNOLOCY 
Pasadena, CA <91103 

Department of I'hysics 

CALIFORNU POLYTECHNIC STATE UNIVERSITY 

San Luis Obispo, CA 93407 

School of Natural Sciences 
CALIFORNIA STATE COLLEGE 
5500 State College Parkway 
San Bernardino, CA 92407 

School of Engineering 

CALIFORNIA STATE POLYTECHNIC UNIVERSITY 

3801 West Temple Avenue 

Pomona, CA 91766 

CALIFORNIA STATE UNIVERSITY, CHICO 
Chico, CA 95929 

Department of Mechanical Engineering 
CALIFORNU STATE UNIVERSITY 
Fullerton, CA 92634 

Physical Sciences Department 
CALIFORNU 'STATE COLLEGE, STANISUUS 
Turlock, CA 95380 

CALIFORNU STATE UNIVERSITY 
Long Beach, CA 
Attn: Dr. Boyd A. Davis 
Director of Academic Planning 

School of Engineering 
CALIFORNU STATE UNIVERSITY 
5151 Sviate University Drive 
Los Angelas, CA 90032 

Department of Engineering 
CALIFORNU STATE UNIVERSITY 
18111 Nordoff Street 
Northridga, CA 91330 
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mifOIWtA (Continutd) 

XnduttrlAl -Ttehaleal OtpartMnt 

CHAFFEY COMKUNZn COLLEGE 

5885 lUvtn Avtnue 

AltA Leu* Ok 91701 

AttBi Otan of Occupational Strvlcat 

Civil /Mtchanlcal Enginatring Ttchnology 
COGSWELL COLLEGE 
600 Stockton Strtet 
San Franciaco, CA 94108 

Sapt. of Eiigintcring & Ttchnology 
COLLEGE OF THE DESERT 
43-500 Hon tarty Avanue 
Pain Daaart, CA 92260 



COLLEGE OF MAKIN 
Xantfiald. CA 94904 



COLLEGE OF THE REDWOODS 
Eureka, CA 95501 . 

Natural Seicnca Departnent 
COLLEGE OF THE SISKXYOUS 
COO Collage Avenue < 
Veed. CA 96094 , 

Dept. of Environnental Design 
CONSUMKES RIVER COLLEGE 
8401 Center Farkway 
Sacramento, CA ^5823 

Biological Science Department 
DUBLO VALLEY COLLEGE 
321 Golf Club Road 
Pleasant Hill, CA 94523 

FULLERTON COLLEGE 
321 E. Chapnan Avenue 
Fullerten, CA 92635 

Phyaics Departnent 
GROSSMONT COLLEGE 
8800 GrOssBont Coilege Drive 
£1 Cajon, CA 92020 

Departnent of Engineering 
HUMBOLDT STATE UNIVEJtSITY 
Areata, CA 95521 

Phyaical Science Department 
LAKE TAHOE COMMUNITY COLLEGE 
2659 Uke Tahoe Blvd. 
P.O. Box 14445 
South Lake Tahoe, CA 95702 



MS ADGELBS PIERCE COLLEGE 
6201 Vinnatka Avanue 
Woodland Hilla, CA 9,1371 

Continuing Education 
MXRACOSTA COLLEGE 
One Barnard Drive 
Ocaanaida, CA 92054 

Engineering Departnent 
MT. SAN JACINTO COLLEGE 
21400 Highway 79 ^ 
San Jacinto, CA 92363 

I Department of Energy Science 
NORTHROP UNIVERSITY 
1155 V. Arbor Vitae Street 
Inglewood, CA 90306 

Technology Divieibn 
ORANGE COAST COLLEGE 
^ 2701 Fairvietp Road 
Coata Meaa, CA 92626 

Science Department 
OXNARD COLLEGE^ 
.P.O. Box 1600 
Oxnard, CA 93032 

Dept. of Engineering & Technology 
PASADENA CITY COLLEGE 
1570 £. Colorado Blvd. 
Pasadena, CA 91306 

SAN DIEGO CITY COLLEGE 
• Air-tondltioning & Refrigeration Dep 
12th 6 Russ Streets 
San Diego, CA 

SAN DIEGO MESA COLLEGE 
7250 Mesa College Drive. 
San Diego, CA 92 lU 

School of Science 

SAN FRANCISCO STATE UNIVERSITY 

1600 Holloway Avenue 

San Francisco, CA 94132 

Physics Deparnment 

SAN JOAQUIN DELTA COLLEGE ^ 
5151 Pacific Avenue 
Stockton, CA 95207 

Solar Technology Department 
' SAN JOSE CITY COLLEGE 
'2100 Moor Park Avenue 
San Joae, CA 95128 
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CALlFOMiU (Cofitimitd) 
tnvlirohiMntil .Studlti 

BuUdini V 
Ian Jett, CA 95192 

>ttm trogtu ZoforMtlon 

.• *• ' .. " ' 

>XttltA COHMUHm COIXEGE 
5m itocklin Road 
KoekXin. CA 95677 
Attsi tM^oi y^e/Carter Ed. 

♦ 

SOLAR TECKKXCXAM TRAINZNG PROGRAM 
1322 **0" Straet 
Saeraminto, CA 956U . 
Attn: JoAtm Trujlllo 
Prograa Coordinator 

Solar Haating Taehnielan Skills 

Training Program « 
SONOMA ^TATE COLLEGE 
1801 Eaat Cotatl Avenue 
Rohnart Park. CA 94928 
Attn: Cayla Mota 

, School of Engineering 
STANFORD UNIVERSITY 
Stanford. CA 94305 

Energy & Raeources Program 
UNXVERSITY OF CALIFORNIA » 
Room 100. Bldg. T-4 
Berkeley. CA 94720 

UNIVERSITYOF CALIFORNIA, DAVIS 
Davia. CA ^5616 
Attn: College^f Engineering 
or Div. of Envmnmental Studies 

School of Eng. & Ajpplied Science 
UNIVERSITY OF CALIFORNIA 
Loa Angelea. CA 90024 

Continuing Education in Eng'g & 

Mathamatict 
UCLA - Extension 
10995 Le Conte Avenue 
lot Angeles, CA 90024 

Energy Canter 

UNIVERSITY OF CALIFORNU 
U Jolla, CA 92037 

College of Natural ft Agricultural 

Sciences ^' 
UNIVERSITY OF CALIFORNU 
Bivaraida, CA 92521 



UNIVERSITY OF CALIFORNIA ' 
Santa Ctutt CA 95064 

Collage of Arts ft Sciencav 
UNIVERSITY OF REDLANDS 
Redlanda, CA 92373, 

Nstural Science Department ' 

UNIVERSITY OF SAN TRANCISCO 
San Francisco » CA 9411J 

Mechanical Engineering Dept. 
UNIVERSITY OF SANTA CLARA 
Santa Clara, CA 950^3 

f 

" School of Architecture ft Fine Arts. 
UNIVERSITY OF SOUTHERN CALIFORNIA 
University Park 
Los Angeles. CA 90007 

•'COLORADO 

COLLEGE OF SOLAR TECHNOLOGY 
P.O. Box 397 
Nederland. CO 80466 

COLORADO 5CHO9L OF MINES 
Department of Phyaics 
Cdldan. CO 80401 

COLORADO STATE UNIVERSITY. 

Fort Collins. CO 80523 

Attn: Dr. S. Karaki 

Solar Energy Applications Laboratory 

COLORADO TECHNICAL COLLEGE 
655 Elkton Drive 
Color#db Springs, CO 8090,7 
Attn: Dr. Tom Forster 

COMMUNITY COLLEGE OF DENVER, NORTH CAMPUS. 
1001 East 62nd Avenue 
Denver. CO 80216 

DOMESTIC TECHNOLOGY INSTITUTE 
Box 2043 

Evergreen, CO 80439 

UNIVERSITY OF COLORADO 

Boulder. CO 80309 

Attn: Department of Engineering 

UNIVERSITY OF COLORADO 
Colorsdo Springs, CO 80907 
Attn: Dept. of Energy Sciences 

UNIVERSITY OF COLORADO 
Gragmor Road 

Colorado Springs, CO 80907 

Attn: Dave Patteraon, Div. of Continuing Ed. 
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COMHiCtlCDt 
Spteiil Prograas 
iUXTPOXO GIUPUATE CiSNTER 
'^75 Windier ttritt " 
Hartford. CT 06120 

Att&t iDpimXd 1. nortk / 

Mtehanieal tnglnttring Otpartatnt 

UHZVEKSXiy OF CONNECTICUT 
Storra* CT 06268 , 

Off let of Mon-Crtdit Extension / 
Box U-56K 

tlNIVERSXTY OF CONNECTICUT 
Storra« CT 06268 

Divialon of Special Studies 
UNIVERSITY OF MEW HAVEN ' 
Vast Haven, CT .06516 

TALE UNIVERSITY 

School of Foreatry & Environ. Studies 
Itew Haven, CT 06511 

DELAWARE 

Xnttitute of Energy C^nveraion 
UNIVERSITY OF OEUWARE 
Mevark, DE 19711 

DISTRICT OF COLUMBIA 
School of Engineering & Architecture 
CATHQ&tC UNIVERSITY OF AMERICA 
Vaahington, DC 20064 

School of Engineering & Applied Science 
GEORCE WASHINGTON UNIVERSITY 
Vaahington, DC 20052 „ 



FLORIDA 

PINELLAS VOCATIONAL«TECHNICAL 

INSTITUTE 
6100 15Ath Avenue North 
Clearwater, FL 33520 



Departnent of Mechanical Engineering 
UNIVERSITY OF FLORIDA 
Calnaaville, FL 32611 

CEORGU 

Departaent of Continuing Education 
CEORGU INSTITUTE OF TEPKNOLOGY 
Atlanta, GA 30332 



XDAHO ' 

Mechanical Engineering Dapartnent * 
Cellag* of Enginaerlng 
UNIVtRSltY OF IDAMO 
Moaeov, ID 03843 

ILLINOIS 
' BRADLEY UNIVERSIH 
Dapartnant of Meehaaical Engineering 
Peoria, XL. 61606; 

Dept. of Air<^ondltlohlng 6 Refrigeration ' 
XINCOLN TRAIL JUNIOR COLLEGE 
Rural Route 3 
Robinaon, IL 62454 

S/a<GAM0K STATE UNIVERSITY 

Shepherd Head > 

Sprlngfitld, IL 62708 

Attn: Al Casella, Physical Sciences Program 

UNIVERSITY OE CKICAGQ 
1100 E. 58th Street 
Chicago, XL 60637 

Attn: Chairnan, Departnent of Physics 

UNIVERSITY OF ILLINOIS-CHICAGO CIRCLE 
Departnent of Architecture 
Chicago, XL 60680 

WILLIAM RAINEY HARPER COLLEGE 
Dept. of Arch. Technology 
Algonquin 6 Roselle Road 
Palatine, IL 60067 

I NDIANA 

BALL STATE UNIVERSITY 

College of Sciences At^Hunanities 

Muncle, IN 47306 

Attn: Chairman, Dpt. of Physics & Astronomy 

INDIANAPOLIS CENTER FOR ADVANCED RESEARCH 
1219 W. Michigan Street 
Indianapolia, IN 46202 

Energy Engineering Center 

PURDUE UNIVERSITY 

West Lafayette, IN 47907 

IOWA 

■ Department of Architecture 
IOWA STATE UNIVERSITY 
Ames, U 50011 

Agricultural Continuing Education 
KIRKWOOD COMMUNITY COLLEGE 
6301 Rirkvood Blvd., S.W. 
P.O. Box 2068 

Cedar Raplda, lA 52406 ~ 
Attn: Earl Plagmann 



iSNA (Cetitiiiutd) 

it;" 'l KANSAS . . ■ ' ■ 

MpirtMBt of tAglnctring 
;i^„,JC«i8AS;<WE IIHIVBRSm 
f ^ Hinhitun, XS 66506 ' 

• • 

School of £ngin*«ring or School of » 

Arehltoeturt 6 Urbm Ottign 
VNIVERSXTY OF KANSAS 
Uwroncc, XS 66045 

KENTUCICr * - 

DepartBtat of Physical Scitnces 
NORTHERN KENTUCKY UNIVERSITY 
Blghland Raightt» XY 41076 

College of Arehltoeture 
UNIVERSITY OF KENTUCKY 
Lttclngton, KY 40506 

Xnglhotring Ttchhology Departnent 
WESTERN KENTUCKY UNIVERSITY 
' Bowling Grtan, XY 42101 

LOUISIANA 

• Ocpartmnt of Mtehanical Engineering 
LOUISIANA STATE UNIVERSITY 
Baton Bouge, LA 70803 

MAINE 
, • CORNERSTONES 

.115 Fleasent Street 
Brunevick, ME 04011 

THE SHELTER INSTITUTE 

72 Front Street 

Bath, ME 04530 

Attn: Ma. Pat Henin, Director 

MARYLAND 

Evening College Center 
JOHNS HOPKINS UNIVERISH 
Silver Spring, MD 20910 

Department of Mechanical Engineering 
UNIVERSITY OF MARYLAND 
^College Park, MP 20742 

MASSACHUSETTS 
Phyaica Departnent 

• AMHERST COLLEGE 
Attbetst* HA 01002 



Metropolitan College 

; BOSTON imiyxRSm 

' 755''^CoiMhwialt'h''' AvinU^:' '"^f 
Bofton, MA 02215 

• Weston Center for 'Open Education 
THE CAMBRIDiSE SCHOOL 

Weston, MA 02193 

Physics Departnent 

CLARK UNIVERSITY " 
Worcester, MA 01610 

Graduate School of Design 
HARVARD UNIVERSITY 
peorge Gund Hall 
48 Quincy Street 
, Canbridge, MA 02138 

• School of Architecture 6 Planning 
MASSACHUSETTS 'INSTITUTE OF ^TECHNOLOGY 
77 'Massachusetts Avenue 
Canbridge, MA 02139 

Technical Training Center 
Mt:V ENGLAND FUEL INSTITUTE 
390 CoiBBonvealth Avenue 
Canbridge, MA. 02215 

Departnent of Nuclear Engineering 
UNIVERSITY OF LOWELL 
Lowell, MA 01854 

Departnent of Mechanical Engineering 
UNIVERSITY OF MASSACHUSETTS 
. Anherst, MA 01002 

WENTWORTH COLLEGE OF TECHNOLOGY 
550 Huntington Avenue 
Boston, MA 0211$ 

Departnent of Mechanical Engineering 
WORCESTER POLYTECHNIC . INSTITUTE 
Worcester, MA 01609 

Physics Depsrtnent 
WILLIAMS COLLEGE 
Willienstown, MA 01267 

MICHIGAN 

JORDAN COLLEGE 

360 W. Pine Street ^ 

Cedar Springs, MI 49319 

Attn: Mr. Dan Clark, Director 

Inatructional Services 
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* HXCHICAN (Cpntinutd) 

OilpirtMnt of Arehittecur* 
.^tpMrnSNCt Z9SnTUt£ OF 

21066 ttiit ttn Milt toad 

louthlitld, MI 48075 

OtparttMnt of Mtehanle«l Englncaring 

mCHIGAN STATE tmiVERSITY 
tut Unsihg, Ml A8623 

Otpartnint of Mechanical Enginatring 
UNIVERSITY OF MICHIGAN 
225 Vtat Englntaring Building 
,Aan Arbor, MI 48109 

Div, of Sclance & Technology 
Collaga of Llf along Laarning 
WAYNE STATE UNIVERSITY 
Datroit, MI 432C2 
Attn: Mr* J. R, Uoodyard 

MINNESOTA 

Dapartnant oJ Fhyaics 
ST. OLAF COLLEGE ' 
Northfiald.MN 55057 

Dapartneut of Medhanleal Englnaerlng 
UNIVERSITY OF MINNESOTA ' 
Minnaapolia, MN 55455 

MISSISSIPPI 

Oapartmant of Mechanical Engineering 
MISSISSIPPI STATE UNIVERSITY 
.Miaaiaaippi State, MS 39762 

Inatftute of Environmental Sciences 
UNIVERSITY OF SOUTHERN MISSISSIPPI 
Hattiaaburg, MS 39401 

MISSOURI 

Dapartnant i^i Phyalcs 

SOUTHWEST MISSOURI STATE UNIVERSITY 

Springfield, MO 65802 

Mechanical 6 Aaroapace Engineering ^ 
UNIVERSITY OF MISSOURI 
Rolla, MO "65401 

Uto GRADUATE ENGINEERING CENTER 
8001 Natural Bridge Road 
St. Loula, MO 63)21 

NE BRASKA 

Collage of Engineering & Technology 
UNIVERSITY OF NEBRASKA 
nisi Nabraaka Hall 
Lincoln, NE 68588 



NEVADA 

Dapartnant of Enginaaring 

UNiyjCRsm OF Nevada, las vegas 

4505 Maryland Parkway ^ 
Laa Vtgaa, NV 89154 

Dapfrtnant of Phyaiea 

UNIVERSITY OF NEVADA 
Rano, NV 89557 

NEW HAMPSHIRE 

Thayer School of Engineering ' 
DARTMOUTH COLLEGE 
Hanovtr, MH 03775 . 

NEW JERSEY 

Indue ::rial Education Departnent 
GLASSBORO 'STATE COLLEGE 
Glaaaboro, NJ 08028 

Electrical Engineering Department 

RUTGERS UNIVERSITY ' 

P.O. Box 909 ' 

Piacataway, NJ 06854 

Attn: Prof. Fich, Graduate Director 

NEW MEXICO ' 

School of Continuing Education 
COLLEGE OF SANTA FE 
Santa Fe, NM 87501 

Departisent of Mechanical Engineering 
NEW MEXICO STATE UNIVERSITY 
Laa Crucea, ^ 88Q03 ' 

Department of Mechanical Engineering 
UNIVERSITY OF NEW MEXICO 
Albuquerque, NM 81731 

NEW YORK 

Phyaiea Departnent 
BARD COLLEGE 

Annandala-on-Hudaon, NY 1250A 



Departnent of Phyalcs 

MOHAWK VALLEY COMMUNITY COLLEGE 

1101 Sheman Drive 

Utica, NY 13501 

Attn: Dr. Franc la Dunning 

Energy Engineering 4 Policy Program 
POLYTECHNIC INSTITUTE OF NEW YORK - 
Route 110 

Famlngdale, NY 11735 

Departnent of Mechanical Engineering 
ROCHESTER INSTITUTE OF TECHNOLOGY 
1 Losb Manorial Drive 
locheatar, NY 14623 
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A^Mtphtrie.itltneti Xtttareh Ctnur 



suit uyiviitsm OF NEW Yoiu; 



m 



OtpurtMiit of Earth Seitnett 
STATE UNXVERSin OF MEW YORK 
UoGkpQtU ItY 14420 

Atrieulmal 4 Ttehnieal Collage 
STATS imiVftRSITY OF NEW YORK 
80 Statf Straat 
Canton, ttt 13617 

KORTH PAKOTA 

Collage of Enginaaring & Architecture > 
NORTH DAKOTA STATE UNIVERSITY 
Fargo, NB 58102 

School of Engineering 4 Nines 
UNIVERSITY OF NORTH DAKOTA 
Grand Forka. ND 58202 

OHIO 

Departaant of Nechanical Engineering 
OHIO STATE UNIVERSITY 
Coliabua. OH 43210 

Department of Nechanical Engineering 
UNIVERSITY OF DAYTON 
Dayton, OH 45469 

Electrical Engineering Departaent 
YOUNGSTOWN STATE UNIVERSITY 
Youngatown, OH 44555 
Attn: Dr. C. K. Alexander, Jr. 

OKLAHOMA 

School of MAE 

OKLAHOMA STATE UNIVERSITY 

Sail««ater» OK 74074 

School of Aeroapace, Mechanical & 

Nuclear Engineering 
UNIVERSXn OF OKUHOMA 
Noraan, OK 73019 

Departaant of Heclianical Engineering 
UNIVERSITY OF TULSA 
Tulaa. OX 74104 

OREGON 

CLACKAMAS COMMUNITY COLLEGE 
Oregon City, OR 

UNIVERSITY OF OREGON ^ 
Bugaaa, OR 97403 



PENNSYLVANtA • 

Continuing Profaaalonal Education 
DREXEL UNIVERSITY 
S2nd 4 Oheathttt Straata ° 
Fhiiadalphia, >A 19104 

UFAYEHE COLLEGE 
Eaaton, ?A 18042 
Attni Dapartnant of Engineering 

Department of Architectural Engineering 
FENNSYLVANU STATis; UNIVERSITY 
101 Engineering Building *'A*' 
Uniyeraity Park. PA 16802 

Departaent of Architecture 
TEMPLE UNIVERSITY 
Philadalphia.FA 19122 

Departaent of Mechanical Engineering 
UNIVERSITY OF FENNSYLVANU 
111 Towne Building, D-3 
Philadelphia, PA 19174 

RHODE iSLAl^D 

Dept. of Engineering & Engineering Technology 
RHODE ISLAND JUNIOR COLLEGE 
Knight Campus, 400 East Avenue 
Warwick, RI 02886 

Department of Mechanical Engineering 
UNIVERSITY OF RHODE ISLAND 
Xingaton, RI 02881 

TENNESSEE €1 
Department of Mechanical Engineering 
MEMPHIS STATE UNIVERSITY 
M£^phia, TN 38152 

Mechanical Engineering Department 
TENNESSEE TECHNOLOGICAL UNIVERSITY 
Cookeville, TN 38501 

Dept. of Mechanical & 'Aerospace Engineering 
UNIVERSITY OF TENNESSEE 
Xnoxville, TN 37916 

TEXAS 

Department of Mechanical Engineering 
RICE UNIVERSITY 
Houaton, TX 77501 

Dept. of Civil/Mechanical Engineering 
SOUTHERN METHODIST UNIVERSITY 
Dallas, TX 75275 
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DtpftrMnt of fhytlet 

XiniivUU, TX 76363 

Dtptrtatnt let Mtchanlcal Englnttrlng . 
TtXAS A 4 M UHZVERSXn 
Colltgt SUtlon» TX 778A3 

fitparwtnt of Mtcbanleal Englnttrlng 
TEXAS TECHNOLOGICAL .UNIVERSITY 
Lubbock, TX 79409 

Solar Entrgy Program Craduatt Off let 

TRINITY UNIVERSITY * 
715 StadluB Drlvt 
San AntonlOf TX ^.78284 

UNIVERSITY OF HOUSTON 
Houaton, TX 7700A 
Contacts Graduatt Advlaor 
Otpartntnt of Engineering or Arch. 

UNIVERSITY OF TEXAS AT AUSTIN 
Auatln, TX 78712 

UTAH 

Chtnlatry Dtpartiotnt 
DIXIE COLLEGE 
St. Gaorgt, UT 8A770 
Attn: C. A. Dean 

Departntnt of Mechanical Engineering 

UNIVERSITY OF UTAH 

Salt Uke City. UT 84112 

Thy a lea Departnent 

VEBER STATE COLLEGE 

Ogden, UT 8AA08 

Attn: Dr. Robert Capener 

VERMONT 

Znatltute for Social Ecology 
GODDARD COLLEGE 
rialnfleld, VT 05667 

Electrical Engineering Departnent 
UNIVERSITY OF VERMONT 
Burlington, VT 05401 

VIRGINIA 

Departaent of Mechanical Engineering 
OLD DOMINION UNIVERSITY AT VARC 
12070 Jefftraon Avenue 
Kewport Neva, VA 23606 
Atta: Pr« G. L. Goglla 



Departnent of Mechanical Engineering 

UNlVERSm OF VXRGIHU 
ChanettiiVilXa* VA : 22901 . 

' College of Architecture 4 Urban Studlea * 
- V.P.X. 4 STATE UNIVERSITY 
Blaektburg, VA 24061 - 

WASHINGTON 

JOINT CENTER FOR GRADUATE STUDY 
100 Sprout Road 
Richland, K4 99352 ' . 

Progran in Social Manai^nent of Technology 
UNIVERSITY OF VASHINGTON . 
Seattle, VA 98195 

Departnent of Mechanical Engineering . 
WASHINGTON STATE UNIVERSITY 
Fullaan, UA 99163 

WISCONSIN^ ^ 
College of Engineering 
M4RQUETTE UNIVERSITY 
1515 Weat Wlaconaln Avenue 
Mllvaukec, WI 53233 

College of Environmental Sciences 
UNIVERSin OF WISCONSIN-GREEN BAY 
Green Bay, WI 54302 

Departnent of Mechanical Engineering 
UNIVERSITY OF WISCONSIN 
1343 Engineering Ret. Bldg. 
; Madlaon, VI 53706 

Departnent of Engineering 

UNIVERSin OF WISCONSIN-EXTENSION 
Madlaon, WI 53706 

Departnent of Architecture 
UNIVERSITY OF WISCONSIN-MILWAUKEE 
Mllvaukee, WI 53211 . 



NATIONAL SOLAR HEATING AND COOUNG INFORMATION CENTER 
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VOCAIIONAL/TECKNZCAL SCHOOLS /COURSES 
SOLAR-REUXSI) 



April 1978 



California 

CSNTER FOR QffLOYMENT TRAIHING ' ' 
425 South Nark«t Strtttt 
Su J«ta Ca; 951X3 . 
Atta: Rudolph Rodriguw 

Zaduttrial tachnleal D«p«rtaent 
• ^ CHAFFE7 COMMUMXIY COLLEGE 
5885 Havtn Avanne 
Alta Loma CA ^1701 
Acta: ,Daan of Occ'upatioaal Services 

Civil/Maehanical Enginatriag Ttchnology 
COGSVELL COLLEGE 
V.600 Stockton Straat 
Sas Fraociaeo CA 94108 

COLLEGE OF THE R^^VOODS 
Eureka CA 95501 

'Atea^: laduatirial Tethaology^ Dept. 

<mRGT STSX^ INC. 

4570 Alvarado Canyon Road 

San Diego CA 92120 



Physical Science Department 
LAKE TAHOE C0MMDMZT7 COLLEGE 
2659 Lake.Tahoe Blvd. 
P.O. Box 14445 
South Uke Tahoe CA 95702 

Technical t Trade & Industrial Div. 
LONG BEACH CZTT COLLEGE 
1305 E. Pacific ^loast Highway 
Long Beach CA 90806 

Engineering Department 

KI; SAN JACINTO COLLEGE 

21400 Highway 79 

San Jacinto CA 92383 



Offer two weeks of solar training (build 
solar eoileetors & Install them) as part 
of. a 6-week course in- "Building Malate- 



nanc*.e • 



II 



Offer "Solar Energy l"-iutroduction to solar 
heating & cooling systems; and **Solar Energy 
II"' construction & installation. of solar 
energy devices. 

Offer "Solar Energy Applications" workshop 
for designers, builders, etc. on design & ■ 
contruction of sun & wind-powered systems. 

Offer "Solar Heating Systems" cotirse on 
design & construction of active solar sys- 
tems - for vocational/ technical majors. 

Offer solar energy training course - orig- 
inally developed for their dealers 6 in- 
stallers as a handt-on training project; 
now offered to ethers. Setvedule & loca- 
tions can be obtained by writing ESI. 
Fee: $135 (includes "Solar Heating" train- . 
ing notes) ; notes may be purchased sepa- , 
rately for $8.50. 

Offer "Solar Energy" course which covers 
utilisation of solar energy & mechanics of 
various systems. 



Air Conditioning & Refrigeration program 
indudea a segment on Solar Energy. 



Offer "Solar Energy Applications" course - 
•eai-technlcal on applications & design of 
collectors. 



OMPATIO SV TMl PHANKtlN INSTITWTl AtSlAMCH UAiO«ATO«Ilt #0« TMl OIPABTMKNT Of 

INIHOV AND TMl 011»A«TMfNT Of MOUSING AND UMIAN Of VttOPMlNT. TMi NATIONAL 
CINTIH AND TMl A80V1 0«OANlS ATtONt 00 NOT INOOHSl, «1C0MM1N0 0« ATTIST TO THl 
OUAUTV AND CAPAHUTV 0* ANV PeOOUCTt OP ilRyiCli OP COMPANIM AND INOIVIOUAtS. 

2:.s 



•fi vdCAtlQJIAL/tBCaSICAL REFEROCE LIST (2) 



5 ' T*elmoloty Olvltlen 




omai COAST coixsge 

2701 tiirviiii load ^ 
CpfCa Mma a 92626 



SAN DISGO CXTY COLLEGE 

Air Conditioning & RtfTigtradon Dtpt * 

12th & Rust Str««t« 

Saa Dltgo CA 



SAN Z>ZECO COUm CONSTIUJCTION 

LABOmS BENEFIT . FUND 
A161 Hoatt Avtnuft 
Suito 260 

San Diago CA 92105 
Attn: Mr. H. Thutaan 




Conatruetion Taehaology Dept. 
SAN DIEGO MESA COLLEGE 
72S0 Haaa CoUaga Driva 
San Oiago CA 92111 

Fbyaiea Dapartaant 

SAN JOAQUIN DELTA C0MKUNI7T COU^GE 
5151 Pacific Avanua * 
Stockton CA 95207 



SAN JOSE CITY COLLEGE 

Air Conditioning & Rafr. Dapt 

2100 Moor Park Avanua 

San Joaa CA 95128 , 



SOLAR HEATING TECHNICIAN TSAINING 

SmLS TRAINING PROGRAM 
Sonotta Stata Collaga 
1801 Eaat Cotati Avanua 
Bohnart Park CA 94928 
Attn: Gayla Mot a 
(707) 664-2577 



SOLAR TECHNICIAN TRAINING PROJECT 

1322 *'0" Straat 

Saeraaanto CA 95814 

Attn: JoAnn Tnijillo, Proj. Coo^d. 

(916) 322-7190 



Of ^ar "Solar" couraa on ayataa daaign & 
application of aolar haating & cooling 
aquipAiht; Planning eofflplata program to 
induda daaigning aquipmant. conatruetion 
aathodit & fabrica.t;Lon of aolar davieaa. 

AIR CONDITIONING. & REFRIGERATION DEPT: Of far 
two eouraaa in "Solar Enargy Maintananca & 
Tachnology" aa part of thair A.S. dagraa pro* 
graa • eovar inatallatien, troubla-shooting* ' 
afiieiancy & coat aatiaating. j 

Six-waak training prograa f or*^ thoaa who want 
to ba construction laborars. One waak apant 
on inatallation & aaintananca of aolar equip- 
aant. Write for application (auat ba 18 yts. ^ 
old & reaident of San Diego County. Four- 
aix month waiting liat) . For California rea- 
Identa outside San Diego County, write: San 
Diego Ctfunty Construction Laborers Benefit 
Fund, P.O. Box 1307, Boulevard CA 92005. 

Offer "Utilization cf Solar Energy" - covers 
typea of solar equipment & laboratory. . ^ 



Offer "Energy Conaervation & Alternatives" 
course which indudaa solar energy. Plan to 
offer courses on "Solar & Wind Power Tech- 
nology" and "Construction of Solar Elesents" 
in the future. 

Offer 2-year "Solar Technician" program lead- 
ing to aasociate degree & certificate under 
diviaion of air-conditioning & refrigeration. 
Couraas cover residential solar design & in- 
dustrial solar application. Providea atu- - 
dents with knowledge to become solar tech- 
nicians. 

Training Program sponsored by Sonoma State 
College & State of California Comprehenaive 
Eaployaent & Training Act (C.E.T.A.) grant. 
Training: aolar technology, climatology, 
energy conaervanion teehnlquea, contractor 
licenaing law, uniform aechnaical coda, etc. 
Upon eoapletion individual able to design, 
siae, build & Install aolar syatems. On-the 
Job- training included. 

Six-month course for inatallation of solar 
hot water systams. For low-Income individ- 
uals. Sponaored by California Office of 
Appropriate Technology. 



2Zf, 
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Colorado 



COLOItAiDO tECRMXCAI.^ COLLSGE 
655 Elkton Drivt 
'Colorado Spring! CO 80907 
Attn: Dr. Tom Forsttr 
(303) 598-0200 



Enorgy Constrvatlon & Solar 

Application Cantar 
NEW CASTLE dOUm VOCATIONAL-TECH. 

SCHOOL DISTRICT 
1417 Nawport Road 
Wilmington DE 19804 



Oflar Aaaociata in Appliad Scianea Dagraa in 
Solar Enginaaring Ttchnologyi. Alao offer 
B.S. in aolar anginaaring taehnology. Aaao- 
ciata Dagraa (2-yaarf) to prapara atudants 
for aaploymant at aolar taehniciana in ra^ 
aaarch laba, ta<9t faeilitiaa, iolar coapaniaa- 
& othat anargy-ralatad organiaationa . B.S. u> 
(4-yaara) to prapare atudenta to work aa ' 
aOlar anargy anginaaring tachnologiat - aa- 
phaaiaaa machanical anginaaring tachnolog^/ 
of- haatisg, ventilating & airconditioning y, 
ayataaa & energy eonaarvation taathoda. 



ADULT EDUCATION PROGRAMS Offer "Solar Heat- 
ing of Buildings" course for practitioners ;in 
construction industry on sizing » design, in-, 
stallation, maintenance & economic feasibili- 
ty of solar heating systems; (60 hours), .fjie: 
$360 (includes educational ;iiaterials & aceaaa 
to computer program for economic optimization 
of solar heating aystems^ . 



Florida 

PINELLAS VO-TECB INSTITUTE 
6100 154th Avenue North 
Clearwater FL 33520 ~~ 



Two training programa (2 evenings/week - re- 
glatratlon every 9' wks);S 1) "Solar Energy- 
Heating & Cooling" (mechanics, theory of 
building aolar hot watav heatara design & con 
atruetion of solar airconditioning units) ; 2) 
^'Household Energy ConaaiTvation/Solar Energy" 
(how homeo%mer' can conserve energy; informa- 
tion on ualng aolar hot water heating).- 



Georgia 

COOSA VAULE7 AREA VOC-TECH .SCHOOL 
112 Bealoek Avenue 
Rome GA 30161 



DE XALB COMMnNITT COLLEGE 
495 North Indian Creek Drive 
CUrkatoa GA 30021 



NORTH GEORGIA TECH & VOC SCHOOL 
Like Burton Road, Georgia 197 
darkeavilla GA 30523 



HEATING & AIRCONDITIONING DEPT: In process of 
developing course on solar collectors, heat 
atorage & eontrola associated with domestic 
* aolar heating aa part of. heating & aircondi*' 
Cloning course. 

In process of developing short term course in 
Solar Equipment Inatallatlon & Maintenance. 
Long range plans Include aolar energy as part 
of Beating, Alr-Condltlonlng & Refrigeration 
Program. (No eouraes la aolar offered at 
present - 12/77). 

Planning curriculum to train technicians to 
inatall & aervice aclar scergy systems, 
(No coursea in aolax offered at ^present - 
12/77). 



VOCAIZOHAL/TECHMICAL mtmCt LIST (4) 



/^U| ZmGt HAY BE OITERED AS OPTION AT F0U0VX:i6 SCHOOLS XK GEORGIA: 



ALBAHT AREA VOC-TECH SCHOOL 
X021 Lows Road 
Albany GA 31705 



iUJGUSTA Ai^ V0C-*TECH. SCHOOL ' 
2025 Luapkln Road 
Augusta GA 30904 > 

}!ACON AREA VOC-TECH SCHOSlL 

940 Foriyth Sttett 

2!acoa GA 31201 ^ ' 

KOULTRiE AREA VOC-TECH SCHOOL 
P.O. Box 520 
StoultrltaGA 31768 

SAVANNAH AREA VOC-TECH SCHOOL 
.214 Wast Bay Sextat 
Sayatmah GA 31401 

THOKAS AREA VOC-TECH SCHOOL 
P.O. Box 1578 
Thooasvllla GA 31792 

VAIDOSTA AREA VOC-TECH SCHOOL 
Routa 1, Box 211 
Valdosta GA 31601 

VA?CR0S$-WARS CO. AREA VOC-TECH SCHOOL 
1701 Carswall Avaaua. 
Vaycroas GA 31501 



ATHENS AREA VOC-TECH SCHOOL 
U.S. Highway 29 North 
Athans.GA 30601 

♦ 

CARROLL COUNTY AREA VOC-TECH SCHOOL 
P.O. Box 543 

Carrollton GA 30117 \ 

MARIETTA-COBB AREA VOC-^TECH SCHOOL 
980 South Cobb Drlva 
•Mariatta GA 30060 

PICKENS COUNTY AREA VOC-TECH SCHOOL 
Burnt Mountain Road 
aspar GA 3dl'43 



SWAINSBORO AREA VOC-TECH SCHOOL 
201 Kite Road 
Swainsboro GA 30401 

UPSON COUNTY AREA VOC-TECH SCHOOL 
P.O. Box 1089 . ^ 

Thomaston GA 3.0286 

WALKER COUNTY AREA VOC-TECH SCHOOL 
Box 454 Marry Maadov Lane 
Rock Spring GA. 30739 

BRUNSWICK JUNIOR COLLEGF 
Vocational-Technical Program ^ 
Altama at Fourth 
Brunswick GA 31520 



Iowa 

Trade & Industrial Occupations Div. 
SCOTT COMMUNITY COLLEGE 
Belaont Road 
Setteadorf lA 52722 



Offer Solar Energetics Technology major - 
Associate Degree (2 yrs). Prepares student 
for employment as technician in: research 
labs, solar energy systems installation, 
assistants to deaigners & architects, sys- 
tems maintenance, other energy-related occu- 
pations. Graduate will also be proficient 
in heating & airconditioning , sheet metal 
work & all installation of domestic & 
industrial units. 



Kentuck y 

WESTERN KENTUCKY imiV^ITY 
Siept, of Engineering Tschaology 
Soirling Green KY 42101 
Attn: Hsnry H. Bealey., P.E. 



s 



Mr. Healey has prepared a 3-hr, seminar "So- 
lar Energy Applications" for hvac contrac- 
tors. Covers: information & background on 
rising solar aystcms, cost analysis tech- 
niques. Will present seminar at afternoon 
or evening group meetings of contractors. 



VOCATZOtlAL/TECBIIZCAL R£rER)^CE LZ^T (5) 



FOttTLiUID VOCATZONAL CEKTER 
Portland ME 04111 



Offftr training in solar installation. 



Maisaehuaatts 

^^^^^^^^^^^^^^^^^^^^^^^ 

BRISTOL COMkUHZTT^COLLECE 
777 Elabraa Strait 
Fall Rivar 02720 

Engihaatiag Seianca 6 Industrial 
Ralatsd Taehnologiaa Dapt. 

CAFE COD COMMUNIT? COLLEGE 
Vast Bamstabls MA 02668 



NEW EMGLAIID FUEL INSTITUTE 
Technical Training Cantar 
390 CooDonvaalth Avanua 
Boston MA 02215 

Olvialon of Englnearlng Tachnology 
SPRIN6FIEL0 TECH C0MMDNIT7 COLLEGE 
Araory Squara 
Sprlngfiald MA 01105 

Michigtn 

LANSING COMMtmiTY COLLEGE 
Enginaaring Technology Department 
A19 Morth Capitol Ave. 
Lansing Ml 48914 



Has been funded to set up an energy program. 



Offer 3 solar courses: "Solar Energy I-De- 
algn & Installation Techniques for Residen- 
tial Buildinr'::" - deals with systems design, 
sizing & Installation of solar heating units 
"Solar Energy II-Design & Installation Tech- 
niques for Residential Buildings" - deals 
with installation & operation of solar heat- 
ing systams (includes retrofit); and "Survey 
of Alternative Energy Sources" - discussion 
of various anergy resources. 

Offer four-week (160 hour) hands-on solar 
heating tec> cal training course. For 
thoaa who waat to learn to install solar 
systems. Fee: $450. 

Offer A.S. degre<: in Solnr ^ergy. Gradu- 
ates are qualified to li^atall complete liq- ' 
uld or air aolar heating systems, size sys- 
tems, and evaluate cost effectiveness. 



Courses offered: Solar Rousing (AT 200) So- 
lar Site Seminar (AT 208) Principles . of 
Solar Energr Collection (AT 201) Residen- 
tial Solar > Heating System-Design (At 203) * 
Alternate Sources of Energy (ATG 150) Build- 
ing a Solar Furnace (ATG 151) Building a So- 
lar Water Beater (ATG 152) Passive Solar De- 
sign (AT 211) Passive Solar II (AT 215) 
Solar E nergy Technician Program : One year 
certificate or two year associate degree 
progra^ are being planned. 



FOLLOWING MICHIGAM SCHOOLS TO OFFER ONE SE2CINAR & EIGBT-WEER SOLAR HEATING / COOLING ^COURSE: 



BENRT FORD COMMDNITT COLLEGE 
5101 Evergreen Road 
Dearborn MI 4ei28 
Attn: SEMZAP 

JACKSON COMM17NIT7 COLLEGE 
2111 EBBsns Road 
Jaekaon MI 49201 
Attn: SDCZAP . 



HIGHLAND PARK COLLEGE 
Glendele & Third Streets 
Highland Park MI 48203 
Attn: SEZiZAP 

MACOMB COUNTY COMMUNin COLLEGE 
Division of Continuing Education 

South Campus - Box 948 
Warren MI 48093 . 
Attn: SEMZAP 



m 



VOaXZONAL/ttCffilXCAI. REFSRSNCE LIST (6) 
MZCBZ6A2I SCHOOLS (Contlautd): 

mtiot coKjm coMKOMin college 

1555 lUislBvllle Road 
Hdnrct.MI 48161 
Attn: SESfXAP 

SCHOOLCRAFT COKKUHXTY COLLEGE 
18600 Haggtrty Ro«d 
LlvoniA HZ 48152 
Attn:- SESCIAP 

-VASHTENAV COKMSmXTY COLLEGE- 
* TptilAnti Ctnttr - 214 N, Huron 
TpsiUntl MX 48197 
Attn: SEBfXAP 

f 

MXi)-PLAXNS. COHMUNXTY COLLEGE 
Xnttr. of 1-80 & Hlghv«> si 
North PUtt« NE 69101 



SOCTHEAST C0MMUMX77 COLLEGE 
Mllford Cunpus 
MUford NE 68405 



CHARLES STStfi^T MOTT COKKUNXTY - COLLEGE 
1401 Eatt Court Street ~ 
Flint MX 48503 
Attn: SEMTA? 

ST. <CLAXR COMMUNXTY COLLEGE 
323 trie Street • 
Fort Huron MX 4.8060 
Attn: SEMXAF 

WAYNE COUNTY COMMUNXTY COLLEGE 
4612 Woodverd Avenue 
Detroit MX 48201 
Attn: SEMTAF 

Xneorporete soler heating inetruetion in 
Building & Construction Dept. and Refxigera^ 
tion/Aireonditibning Dept. Students given 
introduction to aolar heating as it applies 
to their particular field - faalliarisation 
level. 4;. . 

Alrconditioning & Arch. Tech. Prograas: Of- 
fer "Solar Energy"-a 32 hr. 2-quarter credit 
course as part of these prograffls. Basic 
course which includes brief historr & basic 
caJ -.ula£ions for sizing solar systems for 
residential structures. 



Nebraska 

SOME DECREE OF SOLAR TECHNXCXAN IRAXMXNG OFFERED AT FOLLOWING SCHOOLS: 



CENTRAL TECHNXCAL COMMUNIST COLLECT 
P.O. Bos 1024 
Hast^gs NE 68801' 

NORTHEAST TECHNICAL COMMUNXTY COLLEGt 
801 East Benjamin Avenut 
Norfolk NE 68701 



METROPOLITAN TECENXCAL COMMUNXTY CO'iEGE 
30th & Fort Streets 
Omaha NE 68111 



New Hampshire 

'new HAMPSHIRE VOCATXONAL-TECHNXCAL 

COLLEGE 
1066 Front Street 
Manchester NH 03102 



Offer Certificate program in solar systba 
Installation tsiaintenance end repair. 



New Jersey 

BROOKDALE COMMDNTTY COLLEGE 
Llncroft NJ 07738 



Solar & Wind Technology course offered. 



ERIC 
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BMLting. VmtilAtiag & Air conditioning 

ESSEX COtRITI TECIQIZCA7. CAREERS 

CENTER 
91'<Watt Harktt Strttt 
Newark NJ ' 



MANASQUAN PtTBLZC SCBOOLS 
Broad Straat 
Manaaquaa NJ 08736 

Pluabing, Haating 6 Rafrigcration 

MERCER COUNT? AREA VOCATIONAL " 

rECRNXCAL SCHOOLS 
1085 Old Tranton Road 
Tranton NJ 08690 

MIDDLESEX COUNTY COLLEGE 
Edison NJ 088X7 



OCEAN count; VOCATIONAL TECHNICAL 

SCHOOLS 
^uta 571 
J.ackaon NJ 08527 



Continuing Lducation Program 
■SALEM COUNTT VOCATIONAL TECHNICAL 

SCHOOLS 
R.D. #2, Box 350 
Voodatcwn Ni 08098 



Offar a day & avaning prograa in solar haat- 
ing aystatts (adult adutstion eoursaa - car- 
tifieata givan) - coursas cover Somastie 
vatar haating & raaidantial &'eonaarcial 
solar spaca haating & cooling systems; -how 
to install & aarvice^ systems. Day program* 
(300 hours), cVaning prograa (120 hrs). 
Also planning Solar Heating course for their 
votech high school to be in operation late 
Spring '78. 

Offer Energy Education/ Curriculum Develop- ^ 
ment courae. 



As part of curriculum have integrated knowl- 
edge & skills related to i-iplementation and 
installation of solar heating and cooling 
units. 



Project WATTE (Workshop Approach to Teacher 
Training in Energy) - to aasist teachers in 
developing courses & curriculum strategies * 
for integrating energy education into tra- 
ditional diaelpllnes. (Workshopa planned 
for March-May 1978) . . 

Offer 3 solar coursas: "Solar Energy Theory 
foreiiaatlng, VentUeting & Airconditioning 
Techniciana. "(Evening School -open to general 
public - evening achool certificate awarded - 
Stert Fall *78 - 15 wks. Course for hvac ' 
apeeialiats covering deaign considerations ^ 
for solar hot water & apace heating systems 
"Solar Energy Workshop" (Evening School - 
open to general public) - 21 hour program to 
assist homeowner in designing & installing 
aolar hot water heetlng equipment - covers 
theory of operation, life cycle coating & in- 
atallation; and "Climate Control" prograa 
(high school students only - 2 yr. high 
school certificate) - program for training 
in plumbing, heetlng, eirconditioning 6 re- 
frigeration. Students leem to design, re- 
pair 6 inatall auch ayatcma - includes new 
unit In design & installation of solar heat- 
ing equipment. 

As part of Continuing Education program 
(nights), offer e 36-hour progrsm - Intro- 
duction to Solar Beeting - to acquaint stu- 
dent with c\(rrent tren^a in use of solar en- 
ergy for heating 6 cooling. Plumbing & Heat- 
inft Trades Program - during ^1977-78 school ^ 
year will introduce e unit on solar energy 
for secondary & poat-secondary atudents - 
will build a solar hot water heating systems. 



VOatlONAL/IECHKXCAL REFESdCS LIST (8) 



^•w York 

BR00KE-DEUWARE-TZ06A BOCES ^ 
Broome-TlogA -EdueatioQAl Ctnttr 
Upptr Gl«nwood Road 
81ngha«ton HY 13905 

D«parta«nt of Fhytiet 

MOHAWK VALLEY COMmiTY COLLEGE 

1101 Shtnun Driva 

Utlc* NY " 13501 

Attn: Dr. Fruncis Dunning 



NASSAU COUNTY BOCES 

Valftntinei Road 6 tha Plains Road 

Weatbufy NY 11590 

• 

SARATOGA-WARREN BOCES 

F. Donald Kytrs Occupational Cancer 

Banning Road 

Saratoga Springs NY 12866 

CAFE FEAR TECBNICAL INSTITUTE 
Solar Enargy Educational Program 
All North Front St. 
Wllfflington NC 28401 



Off ar solar training as part of .electronics 
course. 



Offer two courses in solar: "Solar irgy 
& Energy Conservation" - general introduc- 
tory course for homeowner on solar energy 
utilisation; and "Solar Energy lor the 
Beating and Airconditioning Technician which 
covers development of skills for the ixstal- 
lation, maintenance & repair of solar heat- 
ing & cooling systems. 

Offer solar energy technology as part of 
Heating/Air Conditioning courses. 



Offer solar energy technology as part of 
Heating/Air Conditioning courses. 



Evening extension program : offers Solar En- 
ergy Syatema Workshop. 33 hour non-credit 
survey course, including laboratory demon- 
stration of solar water and air heating. 
. Heating , Air Conditioning and Refrigeration 
program: one solar energy course planned, 
for imediate preaentation. General Occu- 
pational Technology program : one-three so- 
lar energy courses planned. Solar Technol- 
ogy program : full two year planned for 
Sept., 1979. 



Oregon 

LINN-BENTON <fpMMUNITY COLLEGE 
Mid-Willamette Energy Information 

Center 
6500 SW Pacific Blvd. 
Albany OR 97321 , 



General Science or Engineering : Offer "Tech- 
nical Projects-Solar" course - design & build 
projects related to cone true tion of solar liq 
uld & air heating systems & passive solar 
heated buildings; "Alternate Energy Sources'' 
course - covers solar & wind systems, ^tc. 
Community Education : Offer **Home Energy Al- 
ternatives" course which is half on aolar, 
and offer four aolar workshops on: ^solar 
water heaters, solar air collectors, solar 
greenhouses & solar food dryers - workshops 
cover design & construction. 



^36 



^^"^1 VOOIXOHAL/TICHHIGM* , * 



■■ Stiuth Carolina 

HiAtiog - 
n.ORSICS«*DASLIHGTOM TECHKZCAL COLLEGE 
F.O. Drawtr 8000 
nQttttCi SC 2950X 



AirCbodltioniag, Rafrlgtratlon & 

Haating 
YOltK TECHNICAL COLLEGE 
U.S. 21 Br-Pa«a 
Sock Bill SC 29730 



• 0£4ar 2*yiiar <7 quartar) di^lowa prograa In 
aireoudlticnlttg, rafrlgaratloa & Haatiag. 
"Solar Enargy Appllcatlotia" eoursa bffarad 

.aa part of currieuluu • eovara thaory & 
praedeal application of haatiag & aireon- 
ditioaiiig through tiaa of aolar anirgy & thi 
daaign, installation, aarvieing & troubla 
ihopting of aolar haating ^ cooling units. ^ 

Offar 2-yaar (7 quartar) diploma program in 
aireonditloning, rafrlgaration & haating. 
Baglnaing Spring 1978 will offar "Solar En- 
argy Appllcationa'* eouraa as part of currl- 
4^ulum - handa*on, eouraa which covars instal- 
lation, Saxviea & control of eoUactlon ot 
aolar anargy. 



SOLAR ENERGY HAY BE OFFERED AS PART OF CURRICULA AT FOLLOWING SOUTH CAROLINA SCHOOLS : 



Air Conditioning & Rafrlgaration 
BEAUFORT TECHNICAL EDUCATION CENTER 
100 S. Ribaut Road 
Baauf ort SC 29902 

Alr-Condltlonlng Taehnology 
DENKARR TECHNICAL EDUCATION CENTER. 
Danmark SC 29042 



Air Conditioning Taehnology 
HORRY-GEORGETOWN TECHNICAL COLLEGE 
P.O. Box 710 
Highway 501 
Conway SC 29526 

Air Conditioning Taehnology 
PIEDMONT TSPHNICAL COLLEGE 
Drawar 1208 
Graanwood SC 29646 

Air Conditioning Taehnology 
SUMTER AREA TECHNICAL COLLEGE 
506 Gttignard Driva 
Suatar SC 29150 

Rafrlgaration Taehnology 

TRIDENT TECHNICAL COLLEGE 

North Caspua 

7000 RlTara Avanua 

Mbrth Charleston SC 29406 



Cllaata Cbnt rol Technology & Refrigeration 
CBESTERFIELD-HARLBORO TECHNICAL COLLEGE 
Drawar 928 
Charav $C 29520 

♦ 

Refrigeration technology 
GREENVILLE TECHNICAL COLLEGE 
P.O. Bex 5616, Station B 
Greenville SC 29606 

Cliaate Control Technology &. Refrigeration 
MIDLANDS TECHNICAL COLLEGE 
Baltllne Caatpua, P.O. Drawar Q 
316 Baltllne Blvd. 
ColUBbia SC 29205 . 

Air Conditioning & Refrigeration 
SPARTANBURG TECHNICAL COLLEGE 
P.O. Drawer 4386 
Spartanburg SC 29301 ^ 

Refrigeration Technology 
TRI-COUNTY TECHNICAL COLLEGE 
P.O. Box 87 
Pendleton SC 2967^^ 

Refrigeration Technology 

WILLIAMSBURG TECHNICAL, VOCATIONAL & ADULT 

ED. CENTER 

601 Lane Road 

Rlngatree SC ^9556 



er|c 



Texas 

CENTRAL TEXAS COLLEGE 
P.O. Box 1416 
U.S. Highway 190 Weat 
Ulleen Tt 76541 



Offer "Solar Heating Systama" course > over- 
view of baaic components of varioua aolar 
anargy ayatema; operation, inatallatioo, main- 
tenance, trouble-ahootlttg & aervice proce- 
durea. 



%&aTZ(^/tE^XCAt ISmSHCt USt (10) 

^^mXi CtiULESt 
^thiity;:.3X.W»«t. 

'lAttni CharlU 6. Orsak, Jr. 
Oirtetdr of Energy ?rogriat 

'^fEXAS STATS TECHHZC'AL XKSTZtCTE 

SwMtvattr TX 79556 ^. 



In proecta of daviloping 2-ytAr Aatoelata 
Ocgraa Solar Tachnleian eurrleulua* ShouXd 
ba Tiadjr. 'fiir iaitialk idiiiimiM .^Uot-.r^ 
eaating by Spring 19 j$* 

V.. - r ' ' 

Contitmlng Education progran ; US hour train**' 
ing eouraa taaehaa inaeallatioa, malntananca* 
rapair taehniquaa for ratidantial andcoonar- 
uial vatar and apaea )iaatlng aystami. Couria 
ineludaa botK liquid and air typt celiac tor 
aub«ayataa«. 

Air Conditioning and Rafriaaration Papart* 
ttasf* ^Xana Solar Enargy Mechanic curricu* 
lua eovaring 16 couraaa in thraa quartara. 
Graduataa racaiva cartifieation aa aolar 
anargy machaniea. 



Virginia 



LORD FAZSFAX COMMDNZTT COLLEGE 

P*0. Dravar £ 

Middlatown VA 22645 

Attn: Elactroniea Tachnology Oapt. 



Of far "Solar Baa.tlng & Cooling of Rcaidan- 
tlal Buildinga" eouraa (EKVR 155) for con- 
traetora eurrantly in hvae buiinaaa. (ona 
nighe/wk for 11 vaaka) . Couraa eovara aix- 
ing, inatallation & nalntananea of aolar 
ayatama with aaphaaia on aconomiea. Antie- 
pata of faring aiailar aora advanead eouraa 
for arebltaeta in tha future. 



Waahington 

NORTH SEATTLE C0MMUNZT7 COLLEGE 
9600 Collaga Vay North 
Saattla VA 98103 



Continuing Education Program 
PENHSULA COLLEGE 
1502 F.. Uuridaan Blvd. 
Port aagalaa VA 98362 



Will off ar aaction on aolar haating aa part 
of Environmantal Control Taehnieian/Rafrl- 
garation & Air Conditioning Daaign daaa. 
(atart Fall '78) 

Offar' "Solar Raating Syataaa for Booaa" 
couraa during fall quarter each achool year. 
Evening eouraa for contract or a & engineering 
technology atudanta - to develop practical 
- akilla for aizing, inatalling, operating & 
jaaintaining active aolar energy ayatama. 

For aora information on learning to, inatall aolar energy ayatama, the following reference 
aourcer may be of uie: ' 

BARIOR*S GUIDE TO THE TWO-TEAR COLLEGES - liata more than 150 collegea aa having programa 
in heating 4 alreonditloniag (climate eontro!) technology. Couraaa in aolar energy prin- 
elplea 4 aolar thermal eonveraion ayatem malntananca may be included in aome caaes. (avail- 
able at public llbrarlea). 

STATE EKPLOTKEMT CGHHZSSZOMS - can give information en voeational achoola in your atate. 

BZGS SCHOOL COOMSELORS - can provide information on vocational tradea and achoola. 

JrmiOR OR COIfllDNZTT COLLEGES - offar couraaa auU certificate programa in the building 
cradaa. 

23? 



